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ABSTRACT 


The study of A.C. conductivity is the single most common 
measurement in superionic conductivity research. These 
measurements occupy the major fraction of the experimenters time, 
and are subject to many inaccuracies. A software system IONICS 
for the automatic acquisition and analysis of A.C. Impedance data 
has been developed and extensively tested. IONICS consists of 
three modules ACQUIRE, ANALYSE and GENERATE to collect, analyse 
and edit data. ACQUIRE is capable of conti-olling both the HP4192 
Impedance Analyser, and a laboratory furnace. The furnace 
heating and cooling can be preprogrammed with a control of better 
than 1 . 5® C using a three term control implemented through the PC. 
ANALYSE is used to interactively analyse the data to extract the 
JJ. C. conductivity at different temperatures and then generate the 
Arrhenius plots. This package has extensive graphical 
capabilities. This thesis discusses the IONICS system in detail. 
The full IONICS system requires a PC with National Instruments 
GPIB-PC2 and Data Translation DT2805/DT707T interface hardware. 
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CHAPTER I 


INTRODUCTION 


This thesis describes the software package IONICS which has been 
developed for the automatic acquisition and/or analysis of 
conductivity data in conductivity research. The package has been 
optimized for the requirements of superionic conductivity 
research. The program has the following capabilities: 

ACQUIRE module 

i. Automatic cqntrol of HP4192 Impedance Analyzer 

ii. Automatic control of a laboratory furnace using a chromel- 
alumel thermocouple. 

(GENERATE module 

Used for creating data files identical to those produced by the 
ACQUIRE module manually. This module is required if data to be 
analyzed using the ANALYSE module, and it has not been acquired 
through the ACQUIRE module. It also includes a simple editor for 
editing data files. 

ANALYSE module 

i. Printing oT raw data 

ii. Printing of In (<r) vs. 



iii. Prin1:ing of z cos 9 vs« z sin 9 

IV. Arrhenius plots with fitting of straight lines 

V. Complex impedance plots with fitting of circles 

This package is far more versatile than the package reported from 
the Philips group [Dekker and coworkers, 1987], Their system 
uses a non-linear least squares parameter algorithm for 
estimation of the parameters of an electrical equivalent circuit. 
The algorithm used by them does not have capabilities of online 
control of the furnace and the quality of fitting also appears to 
be inferior to that achieved in the current work. 

1.1 ADVANTAGES OF AUTOMATION 

A large amount of work in a laboratory is of a routine nature. 

If the time spent in various activities in a laboratory was to be 
analyzed it shall be found that quite often the bulk of it is 
spent in the collection and analysis of data in a fairly 
standardized manner. Such operations are very amenable to 
computer control, and offer vast returns for the initial efforts 
put into automating the data acquisition and analysis. Automation 
of these measurements and the subsequent analysis of data makes 
for greater efficiency in terms of effort as well as time. 

In superionic conductivity research the study of A.C. impedance 
with frequency and temperature occupies a major fraction of the 
experimenters time. This time can be gainfully utilized for 
other purposes , if the acquisition process was to be automated. 
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The u.e the HP41.2 impedance anaZ„er la almost universal m 
this field. Thus any laboratory automation system developed is 
Ithely to find use ip a lar«e number of laboratories „ith minimal 
.edifications . furthermore. A.c. conductivity is a commonly 
.ensured quantity m many other areas of condensed matter 

research. With suitable changes the same software can also be 

used in "these laboratories. 

1.2 REQUIREMENTS OF A PROGRAM 


A good laboratory automati 


criteria: 


on program should satisfy the foil 


owing 


XX . 


It should be easy to use. This requires that the program 
should operate in a manner akin to the thinking of the 
experimenter. It must have extensive and helpful menus and 
protect the user from system and operator errors. 

It should be easy to modify, I„ experimental research the 
aystem is constantly evolving and this makes it necessary 
that the programs should be written in a modular fashion 
making subsequent modifications easy. 

In this set of programs care has been taken to design a friendly 
user interface, and to develop the software in a highly modular 
way to permit easy alterations. The program has been extensively 
tested ,with users who have a minimal training in computer usage 



1.3 CHOICE OF LANGUAGE 


The commonly used languages in scientific applications are BASIC, 
FORTRAN and PASCAL. For control purposes FORTH is another 
popular language in many parts of the world. In addition there 
are specialized software packages like ASYST and ILS. The 
specialized packages were rejected since they are extremely 
expensive and very few laboratories having access to these. 

One criterion in deciding upon the languages was the availability 
of handler software for the GPIB-PC2 and DT2805 cards. Software 
handlers for GPIB-PC were available for BASIC, FORTRAN, PASCAL 
(both IBM and Turbo), ASYST and ASSEMBLER. DT2805 handler was 
available for BASIC only. The documentation of GPIB-PC was 
insufficient to attempt to write a software handler for any other 
language. In the case of DT2805 this was not deemed to be a 
major hurdle since as long the language gave access to the 
input/output ports of the computer it was possible to drive these 
cards, as the protocols were relatively simple. 

BASIC was rejected due to its non structured nature which would 
have made it practically impossible to program in a structured 
fashion. BASIC is inherently unsuitable for large programs. 
Departure from BASIC immediately necessitated the writing of 
handler software for the DT2805 card. FORTRAN lacks the string 
handling capabilities, which are so vital in GPIB interfacing. 
Turbo PASCAL was selected for its extensive string handling, 
graphics (through the GRAPH IX TOOLBOX) and port access 


facilitries. Turbo also provides eaco«el le: nt > wwonrking 

environment with built in editor, extensiv'e dnasgn-os'ti cssstcs, The 
development of the software handler for the DT 28606 c-ar“te »as a 
worthwhile eff ort, which was more than. c:onnpen!sa“te*d "by * t4s w/ixtues 
of Turbo Pascal . 

1.4 CHOICE OF APPROACH 

Keeping in view the normal operating metinocd tZhe prrostssaji was 
developed in two independent modules, to c3oIll<ec-t an_d aatialli'esse the 
data, respectively. As there was alreac^y a l^ar ge a_iiio«uiiot ofitf data 
which had been collected manually, it was fouxd. i-essirrabaleetfio- have 
a facility to enter that data into the comjpute r for? sumbsse < 3 ,uent 
analysis by the data analysis module. For til s pi*rp?ose a small 
program for data entry was also developed . 

The integrated software (named lONflCSO ooms is-tLng oQf tlflie two 
modules described above, and a simple edi-tox, huas- boeesii cHiBv^7a»loped 
with a powerful user interface. While "th e , usser- gsts ao.dequate 
feedback on the events taking place, "the ex: acsi detsiills the 

operation are hidden from him. 



1.5 OBJECTIVES 


This software package has been developed with the following 
objectives: 

i. To collect impedance data automatically with minimal user 
interaction. Facility is provided to provide both step and 
scan modes of operation for both frequency and temperature. 

ii. To print the data, either in full or selectively. The 
selective listing can be on the basis of frequency or 
temperature . 

iii. To graphically display the data in the commonly used 
formats; i.e. In (cr ) vs. 1000/T or z cos(0) vs. a sin(@) and 
then fit appropriate curves to the data if required. 

The various options have been implemented as hierarchial menus in 
the three modvxles . The user selects and proceeds up the desired 
path interactively. 

The options in the ACQUIRE module are ; 

i. Frequency : Sweep or spot. In the sweep mode the frequencies 
are selected by specifying the decade(s) to be swept. There must 
be at least three frequencies in any decade. The frequencies are 
automatically spaced equally on a logarithmic scale. In the spot 
mode specific frequencies as specified by the user are used. 
Internally all operations are in the spot mode. 
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ii. Temperature : Temperature control can be manual or 

automatic. In the manual mode the DT2805 is not required and the 
user initiates the measurement cycle when required. In the 
automatic mode there are two options - spot or sweep. In the 
spot mode the measurement temperatures have to be specified, 
while in the sweep mode data is collected at intervals as 
specified by the user. Provision exists for controlled heating 
and then holding at the set point(s) for pre-specif ied intervals. 

The options in the ANALYSE module are: 

i. Plot z cos (9) vs. z sin(0) at specified temperatures. 

ii. Plot ln(<r) vs. 1000/T for specified frequencies. 

iii. Print z cos (6) vs. s sin(0) at specified temperatures'. 

iv. Print In(cr) vs. 1000/T for specified frequencies. 

V. Print raw data 

The options in the GENERATE module are: 

i. Edit an ASCII file 

ii. Append data to a data file 

iii. To enter data in a new file 

iv. Rename a file 

V. Delete a file 

vi. To look at the directory entries or change the current 


directory 



1.6 STRUCTURE OF THE PROGRAM 

The structure of the program is illustrated in Fig. 1.1. As is 
evident the only link between the various modules is through the 
data files. The internal structure of each module is discussed 
in the appropriate chapters . 

All the three modules, ANALYSE, ACQUIRE, and GENERATE make the 
IONICS system. A small shell named IONICS has been written to 
the run the three modules^ as an integrated environment. 





Fig. 1.1 The linkage of the various modules and the 


data files of IONICS. 





CHAPTER II 


INTERFACING 


An integral part of laboratory automation is connection of the 
measuring devices with the master controller (the computer) 
through an interface. 

Many modern measuring devices have some intelligence of there own 
which does the preliminary ntimber crunching and makes the data 
available for direct use by the computer. However, the computer 
might have to interact with the real world directly. In such a 
case the computer must have access to hardware which does the 
analog to digital conversion. The computer therefore requires 
two types of interfacing : 

i . digital interfacing 

ii. digital to analog interfacing. 

While the second is done by the Digital to Analog, and Analog to 
digital converters (ADCs and DACs), the latter is done mostly by 
the GPIB interface. 

2 . 1 GPIB Interfacing 

The General Purpose Interface Bus or GPIB is a parallel digital 
interface bus which consist of 16 lines out of which 8 are 
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da-ba/coininand lines, 5 are for bus management and 3 for 
handshaking. GPIB is also known as HPIB, IEEE488 and IEC625 . 

The GPIB protocol masks the local communication protocols and 
permits a large number of diverse devices all conforming to the 
same protocol to share the same bus. Thus the local foirmats of 
each device, which may or may not be different, is masked by the 
GPIB from the external world. 

A maximum of 15 instruments can be connected to the GPIB at a 
time in ■ any configuration which does not make a closed loop. 
The length of the connection cable between any two devices should 
not exceed 2 m and the total cable length should not exceed 20 
meters. 

GPIB communication is achieved by controlling the bus management 
lines and the three handshaking lines. The control for each 
operation is different and for that standard software drivers are 
available for different languages . 

To start the communication, the following sequence is generally 
used : 

i. identify the device of interest and get the GPIB address of 
the device. This operation is generally referred to as 
’finding the device’ . The GPIB address of each devices must 
be unique and can be set individually . 

ii. initialize the device to a pre-defined state or to the state 
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required by the user. This is done by sending the 
initialization string to the device, 
iii. send other command strings, if required and read the device 
to get the data. The data reported by each device is 
different and the manual of the device must be consulted for 
this. Generally the data comes in two formats, binary or 
ASCII. 

Some of the GPIB commands which are implemented by controlling 
the bus management lines are common to all the devices. 
Functions are available in the device drivers for these which 
need to be given the device identification. All the commands 
which are device dependent are send as ASCII strings (some of the 
devices need to have ASCII strings terminated by a pre-specif led 
terminator) . These device dependent commands are listed in the 
device manuals. 

2.2 Interfacing the HP4192 Impedance Analyzer 

Interfacing with GPIB on a PC is accomplished by the E>OS handler 
and a device driver which is specific to the language used to 
write the interfacing application software. The DOS handler, 
which comes in the file named GPIB.COM, is common to all the 
languages and does the disk I/O and memory management. This it 
does by interacting -with the DOS and the ROM BIOS software. The 
various language interfaces provide the user with high level 
function which can be called by the user in the application 
program for I/O and GPIB communication. 
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For the installation of the GPIB software, an installation file 
by the name IBCONF.COM is provided. This gives the default 
implementation of the hardware, the default names for the various 
devices that can be connected to the bus and their corresponding 
addresses. Unless re-configured, the addresses of the devices 
should be set to one of these unused default addresses and the 
corresponding device name should be used in the application 
software. The default addresses and the device names can be 
changed to the requirement by running IBCONF.COM. When setting 
the addresses, care should be taken not to install the software 
for two devices with the same address and name. 

Another very useful file which comes with the GPIB software is 
IBIC. This allows communication on the GPIB to be achieved 
interactively from the keyboard. This can be used to gain 
familiarity with the GPIB and/or a new device connected on the 
GPIB. Usually, before writing software to drive a new device, 
IBIC is used to determine the exact command sequence required by 
the device. 

In the present work the HP4192 was interfaced to the IBM PC using 
the National Instruments GPIB-PC2 interface, and the Turbo Pascal 
GPIB handler. The handler identifies the device by a symbolic 
name given to the device in the installation of the handler and 
returns integer valhe which is used by the rest of the program to 
communicate with the device. 


The to and fro communication on the bus is done by the two 
functions, ibwrt and ibrd. The first of these writes ASCII 
characters on the bus while the second accepts data from the bus. 
Handling of the data/commands character by character is however 
very difficult. Since Turbo Pascal, unlike standard Pascal, 
allows string handling, a small variation of ibwrt called sbwrt 
was written which takes entire strings . 

At the beginning the presence of HP4192 is confirmed and it is 
then released until the. furnace gets ready. Once the furnace is 
ready, HP4192 is set to the remote mode and the frequencies at 
which the data is to be acquired is fed to it one by one using 
the sbwrt I'outine. Next, the data is taken from HP4192 and if 
found valid, written to the disk file. Once the data for all the 
frequencies is gathered, it is again released till the furnace is 
ready for the next set of readings. This sequence is repeated 
until the experiment is over. 

2.3 Analog and Digital Interfacing 

Analog and digital interfacing involves Analog to digital 
converters (ADC) and the Digital to analog converters (DAC) . The 
ADC is used to feed in the analog values to the digital devices 
or computers while the DAC is used to translate the digital 
outputs of the computers to equivalent analog values . This kind 
of interfacing is done to interface the computer with the analog 
world. ' 
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Usually, like in the case of GPIB, software interfaces are 
available for various languages. In case such an interface is 
not available writing ones own interface is not difficult, if the 
documentation of the card is good. 

Communication with the card and its control is done by addressing 
the I/O ports at which the card is connected. 

In the present work the DT2805 ADC/DAC card was used for this 
interfacing. This card has an on-board 8 bit processor and is 
capable of various smart operations. As the Pascal interface for 
this card was not available, a small interface to cater to the 
needs of the application, was written. 

The card was used with a screw termination panel (DT707T) which 
allows easy connections, and has a on board room temperature 
sensor connected to the input channel zero. 

2.4 Interfacing the furnace 

I 

The furnace is interfaced to the ADC/DAC card through a solid 
state relay to receive the control signal from the PC and the 
thermo-couple to sense the temperature of the furnace is 
connected to channel 1 of the extension board. The solid state 
relay is connected to the digital I/O port 0 at bit 0. The 
channe 1 and the port numbers of the thermo-couple and the furnace 
are declared as global constants in ACQUIRE. PAS as t p ort and 
f_port respectively. The bit sequence required to be outputted 
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t-o digi-bal I/O port for the furnace depends on the bit position 
on the port on which the furnace is connected. The decimal value 
that should be outputted to put the furnace on and off is in the 
global constants on_ctri_byte and of f _ctrl_b7te in ACQUIRE. PAS. 
The default is for bit 0 on port 0. However in case the bit 
position is to be changed, the global constant on_ctrl_byte and 
of f _ctrl_byte should be accordingly changed. Also if port to 
which the relay is connected is changed, the global constant 
f_port should be changed. 

The furnace temperature is controlled by controlling the power 
delivered to the furnace. This is presently done by sending a 
ramp wave to put the relay on and off. The total power delivered 
is changed by changing the duty cycle of this ramp. Since the 
response of the furnace is of the order of three minutes, it acts 
as the integrating element. The default length of a ramp of 
given duty cycle is 30 sec. This can be changed by changing the 
global constant nof steps in ACQUIRE. PAS. This is also the time 
interval after which the control algorithm looks at the furnace. 
Since the quality of control achieved is directly dependent on 
this, any change in this constant must be made with sufficient 
prior knowledge of the control algorithm used. The change in 
this normally will not be required. The details of the 
algorithms of the ACQUIRE module is given in chapter 3. 
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CHAPTER III 


THE ACQOIRE MODULE 


The Acquire module is the data generation module of the IONICS 
system. Apart from acquiring the data from the impedance 
analyser, it also permits automatic furnace control with 
programmed heating/cooling. 

The module starts with setting up the impedance analyser. Here, 
there are options for automatic log sweep of the frequency range 
and spot frequency selection. The log sweep provided in this 
module is an enhancement over the log sweep mode of HP4192 
impedance analyser. The number of steps per decade is user 
selectable here with a lower limit of 3 steps per decade. In the 
HP4192 sweep mode, the number of steps per decade is fixed at 20. 

3.1 HARDWARE & SOFTWARE REQUIREMENTS 

This module uses the GPIB interface card and the DT2805 card in 
case the automatic furnace control is opted for. If manual 
furnace control is opted for, then, the DT2805 is not required. 
The module, cannot run without the GPIB interface card. 

The GPIB-PC Turbo Pascal handler supplied by National 
Instruments is used as the software interface for the GPIB card. 
The handler for the DT2805 card has been developed and is in the 
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file DT2805.PAS, which must be present in the same directory as 
the Acquire module when compiling. For details of installation, 
see Appendix I . 

3.2 DATA ACQUISITION STRATEGY 

The data acquisition can be divided into' two major parts, 
i. control of the Impedance Analyzer, and, ii. control of the 
furnace. 

CONTROL OF IMPEDANCE ANALYZER 

The Impedance Analyzer is controlled through the IEEE488 
interface. The HP4192A impedance analyzer has an averaging mode 
of operation which is ideally suited for ionic conductivity 
measurements. It should be recognized that measurements fall 
under two modes of operation; spot and sweep. In the spot mode 
data is collected at specific frequencies while in the sweep mode 
a number of equally spaced frequencies are used for measurements. 
Ideally these swept frequencies should be in a logarithmic 
sequence. Unfortunately, the log sweep mode in an HP4192A has 
only a fixed sequence of 20 frequencies per decade, which are too 
many for superionic conductivity research. Thus using the 
internal sweep mode is not very desirable. It is better to run 
the analyzer in the spot mode , and generate the measurement 
frequencies externally. If there are n frequencies per decade to 
be used then these can be calculated by: 
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*n = fn-1-10^''" 

It is conunon practice to limit the starting and stopping 
frequencies in the sweep mode to decade values. The measuring 
frequencies are calculated once and then stored in an array. 
Having calculated the measuring frequencies it is a simple matter 
to take successive measurements at these frequencies. It takes 
the Impedance Analyzer less than 1 second to make a measurement. 
Usually, one makes about 20-30 measurements at a given 
temperature. Thus, the time taken for a set of measurements is 
very short. The impedance analyzer is reinitialized before each 
set of measurements , and the control returned to the local mode 
(i.e. front panel enabled) after the completion of. the 
measurement. This makes it possible to use the analyzer for 
other work while the furnace is not ready. This also protects 
the analyzer settings from getting upset due to noise pick up 
etc. during the course of a long experiment. ' 

Since, all communications through the IEEE488 interface are in 
the form of ASCII strings, it is very simple to get the data and 
write it on file. One thing which should be kept in mind is 
that, some languages, including Turbo Pascal do not like a ■+• sign 
before positive numbers and appropriate steps should be taken to 
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filter these out. Our system also displays the data as it is 
being written into the data file. During data acquisition it is 
necessary to check for errors in data acquisition, and take 


appropriate action. 



TEMPERATURE CONTROL 


The cont.rol of a furnace simultaneously with an impedance 
analyzer presents some interesting problems . A proper control 
algorithm becomes necessary for good stability and control. The 
user should have the option of both spot and sweep modes. 
However, unlike the case of frequencies the temperature steps can 
be kept equal . For good control and to protect the furnace from 
thermal shocks provision for programmed heating (or cooling) of 
the furnace is required. It is desirable to provide for two 
heating rates, one from start to the first measuring temperature 
and the second thereafter. It is also desirable to allow a 
holding or settling time at each measurement temperature, during 
which the furnace settles down at the set temperature. The 
minimum parameters required for efficient control of a furnace 
therefore are 

i. Heating rate from start to first set point. 

ii. Heating rate between the set points. 

iii. Holding or stabilization time at each set point. 

/ 

A simple on-off type of control does not work well. Furnaces 
under on-off control are prone to wild fluctuations specially at 
lower temperatures. Du© to these oscillations it is quite common 
in manual measurements to allow many hours for the furnace to 
stabilize before taking measurements. A much better approach is 
to use Proportional- Integral -Derivative (PID) .Control, also known 
as three term control. This technique is quite standard in 
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process control. The output of a PID controller, c(t), can be 
expressed in terms of the loop gain and the offset, Cg, as 

c(t) = K^eCt) +(Kc/ti) e(t)dt + Kct(j(de/dt) +Cs 

where and t^j are the integral and derivative time constants, 

and e-t, is the error at time t. The derivative term anticipates 
the trend and thus permits a higher loop gain, while the integral 
term uses the past history to remove offsets. The incremental or 
recursive form of the PID. equation gives the output Cjj as 

<=n = ^n-l Kct(en-en-i) + (T/ti)en + (t^/T) (en-2en-l+en-2 ) 1 

The main problem in implementing the PID equation is to estimate 
the loop gain Kq and the time constants t^ and t^j. Following the 
Process Reaction Curve method of Cohen and Coon (1953), 
Stephanopoulos (1984) gives the following estimates for the PID 
control parameters . 

Kc = (l/K)(t/Td){(4/3) + (Td/4T)} 

Td [{32 + (6Td/T)} / {13 + (8Td/T)},] 

■td = Td [4 / {11 + (2Td/T}} 

where K = (output / input ) g-^eady state = B/A 
T = B/S 

S = slope of response at the point of inflection 
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T(^= •time delay for -the sys'tem to respond 

The inherent assumption is that the actual response of the system 
can be approximated by a linear term and a dead time. These 
settings are only a good initial estimate and are supposed to be 
fine tuned experimentally.. 

The response of a typical wire wound laboratory furnace (100mm 
dia. tube with 450mm winding length) operating at 1 . 6kW is given 
in Fig. 3.1. The short term response is given in the inset. The 
main figure is used for estimating B and the short term response 
for T(i and S. The response is very sluggish with a delay time of 
181 seconds, i.e., the effect of a stimulus starts affecting the 
thermocouple after a delay of three minutes. However, using PID 
without any fine tuning of the Cohen-Coon parameters, using 
heating rates of up to 4® C per minute it was possible to achieve 
controlled heating with the furnace tracking the set point within 
+3 degrees. The holding time required to stabilize within +1 . 5“ C 
of the set point was less than 15 minutes. For temperatures 
above 300“ C the holding time could be reduced to 10 minutes . 
Thus it is evident that the time lost in controlled heating is 

amply compensated by the reduction in holding time. 

\ 

For control by the PC the control signal has to be converted to a 
time proportioning signal. For this the fractional power output 
required is used to switch the furnace on and off for that 
fraction of time. A sampling interval of 30 seconds was found to 
work very well. The output signal was scaled by the number of 
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streps (30 in trhis case with the drive being every second) and the 
furnace kept on accordingly. A signal of 230 indicating full on 
and one of <0 indicating full off. As the power can only go from 
0 to 100% (there being no provision for auxiliary heating or 
forced cooling) , the fractional power was also limited in the 
range 0-1. This is necessary to prevent problems of latching. 

3.3 PROGRAM STROCTDRE 

The Acquire module constitutes one of the three modules of the 
IONICS system. The flow diagram for ACQUIRE is given in 
Fig. 3.2. The routines can be divided into three groups: set up, 
impedance analyzer control and temperature control. Of these the 
first two are always used while the third is bypassed in case 
temperature control is not required or done externally. 

The set up section contains the main user interface and sets up 
the system for measurement, through ah' hierarchial menu 
structure. A value of 0 in response to the prompts of any of the 
menus, returns to the previous menu level. This makes it easier 
to correct errors in setting up. There are three parts which set 
up the Data File, Impedance Analyzer and. Furnace Controller 
respectively. They are described as under: 

SET UP DATA FILE 

This small routine displays the opening message and prompts the 
user for the naune of data file to be created. If the data file 
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specified already exists, it, gives an error message and asks for 
a new file name. 

The user must make sure before the start of the experiment that 
enough space exist on the disk to store all the data. It is 
advisable to store the data on the floppy rather than the hard 
disk since in case of a power failure when data is being written 
to disk, the disk might get corrupted. Care should also be taken 

/ 

in selecting the frequency range and the number of steps per 
decade to avoid generation of excessive data. 

SET UP IMPEDANCE ANALYZER 

This module gives the user the option of using either spot 
frequencies or doing a logarithmic sweep measurement. In the spot 
mode the user is required to specify all the frequencies. In the 
sweep mode, the module allows the start and spot frequencies to 
be selected from within the seven decades of the HP4192 ( 10Hz to 
10MHz). The number of steps per decade must also be specified. 
The actual spot frequencies to be used are calculated internally. 

SET UP TEMPERATURE CONTROLLER 

Temperature control can be either manual or automatic, as 
mentioned earlier. ' In the manual mode the user keys in the 
temperature and then start the measurements when required. If the 
manual mode is selected the rest of the module is inoperative. 
In the automatic mode, the options of spot or sweep modes again 
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exist. In the spot mode the user is required to specify 
beforehand all the temperatures at which the measurements are to 
be made, along with the heating (or cooling) rates, and the 
holding time. In the sweep mode the user has to specify 

i . start temperature 

ii. stop temperature 

iii. number of temperature steps 

iv. initial and final heating rates 
V. holding time 

Internally the module always works in the spot mode. Starting 
from the current temperature the module heats (or cools) the 
furnace at the given rate and then takes measurements at the 
specified temperatures after allowing the furnace to stabilize 
for the given holding time. The measurements are taken after 
every temperature interval specified in the step size parameter 
for the furnace control. 

After the various measurement parameters are set up the program 
uses two major modules, the Impedance Measurement Module and the 
Temperature Control Module. 

IMPEDANCE MEASURE^NT MODULE 

This module controls the HP4192 Impedance Analyzer. The 
operation of this module is evident from Fig. 3.3. This module 
is called by the Temperature Control Module. After initializing 
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the impedance analyzer to the spot averaging mode, it repeatedly 
specifies the frequencies and gets the impedance and phase angle 
from the analyzer, which are then displayed and written to the 
data file. At the end of the sequence at any given temperature 
it releases the impedance analyzer to the local mode. 

TEMPERATURE CONTROL MODULE 

As discussed earlier control is done through a PID algorithm. 
The setpoint is calculated every 30 seconds (this can be easily 
changed) and the errors used for PID are adjusted accordingly. 
Once the furnace goes into the holding mode the setpoint is not 
changed until measurements are completed. Control is implemented 
through a Data Translation DT2805 Low Level Analog and Digital 
Input-Output Card. The digital output card is connected to the 
furnace through a solid state relay. During the measurement phase 
the PID algorithm is disabled and power maintained at the level 
just before the start of measurement . Since measurements are 
over in about 20 seconds, the furnace has stabilized beforehand 
and the response time of the furnace is quite long, the 
temperature does not change appreciably during this period. 

To reduce the errors due to noise in temperature measurements 
sixteen readings each of the thermocouple and room temperature 
sensor (on the DT707T screw termination panel) are taken. After 
sorting only the median eight are used for the actual temperature 
calculations. The Chrome 1-Alumel thermocouple is linear within 
the range of interest and thus temperature conversion is simple. 
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During the entire process the status of the system is displayed 
on the monitor ■ The data window indicates the mode of 
operation of the furnace during heating (or cooling) and holding, 
while the data scrolls in it during measurements. Provisions 
exist for interrupting the program at any stage. This 
interruption can be to either make an orderly exit from the 
program or to change the parameters, i.e. set point(s), holding 
time, and heating rates. This was found to be more convenient 
and flexible than allowing for multiple heating programs to be 
given at the beginning. 

3.4 MENU STRUCTURE 

All the menus are tree structured and a return to any lower level 
menu is possible in a stepwise manner. This allows great 
flexibility and ease of error correction in setting up of the 
parameters. 

The first menu displays the starting message indicating the name 
of the module which is being loaded and then setting up the a 
valid data file. 

The menus of the impedance measurement module sets up the 
parameters lor the measuring device and pas.‘.ies the control to the 
temperature control module. 

In the temperature control module, as mentioned earlier, the 
options for manual or automatic temperature control exists. If 
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,he auto mode is opted for, the above mentioned furnace 
>arameters are set up interactively through various menus . 
living a value ^ 0 is interpreted as an indication to go to the 
previous menu level. This is done because a value of zero for 
my of the parameters is either not a valid value or is not 
iseful. Once the experiment starts, the program accepts no 
Inputs from the keyboard except the ^C, ''S and the interrupts of 
the program, namely "'FI for exit and ''F10 for edit. The edit 
Interrupt stops the experiment and the control is transferred to 
the furnace control module. Any desired change in the parameters 
is then possible. If no change is desired hitting RETURN for 
every value will leave the previous values unchanged. The 
progreim will continue onwards from the point of interrupt. As 
far as possible, exit from the module should be from the proper 
routes provided ( either by going down the menus till exit is 
provided or by the use of the ''FI key if in the running stage). 
An exit through the ''C handler is to be avoided. 


9ft 


TEMPERATURE (°C) 



Pig. 3.1. Response of a furnace to a 25% power step (inset gives the short 
terra response). PID parameters are estimated from these curves. 




Fig. 3. 2 Flow-diagram of the ACQUIRE module. 










Fig. 3. 3 Flow diagram of the automatic mode Master Controller. 










CHAPTER IV 


THE GEtJERATE MODULE 


The GENERATE module has been developed primarily bo allow bhe 
creation of a data file compatible with the package. It can also 
be used for editing of existing data files. This module is a 
simple editor which is adequate for the generation and 
manipulation of data files for subsequent use by ANALYSE. 


4.1 DESIGN 

The module is driven by ree structured menu which gives the 
user the control on the flow of the program. The selection is 
done by typing the number of the option displayed in each menu. 
On loading the file it presents the opening menu, which asks for 
the mode of file operations. The following choices are 
available: 


1. Edit 

2 . Append 

3 . Enter 

4 . Rename 

5 . Delete 

6. Directory /New directory 

After selecting the mode of operation the user is prompted for 
the data file name, which is validated before proceeding. In case 
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"the opt-ion chosen cannot, be applied bo the chosen file (like 
edibing/appending a file which does nob exisb or exercising bhe 
enber opbion on an already exisbing file), bhen an appropriabe 
message is displayed. In mode 1 bhe user is asked bo define bhe 
header for bhe file. This bexb sbring in burn appears as bhe 
heading in all lisbings and plobs , generabed by ANALYSE, Then in 
mode 2&3 bhe bype of daba bo be enbered is requesbed for. The 
daba sbrucbure of IONICS daba files is as follows: 

Line 1 File header or lefb blank for no header 

Line 2- <Temperabure ® K> <Frequency kHz.> <Z ksi > <6 ®> 

The module has a primibive error handler, which handles any error 
during wribing bhe daba bo bhe file. Ib signals bhe user by a 
beep and a message on bhe screen. 

4.2 IMPLEMENTATION 

The Turbo Pascal program GENERATE. PAS is accessible bhrough bhe 
compiler or in bhe compiled form bhrough GENERATE.COM. In opbions 
1 , 2&3 bhe user is asked for bhe file name on which bhe chosen 
opbion is desired. Ribbing RETURN wibhoub giving bhe file name 
exibs bo bhe previous menu. When exib is made from bhe main 
menu, bhe conbrol is bransf erred bo bhe parenb program bhrough 
which bhis module was loaded. 

If bhe module is evoked from bhe shell (known as IONICS), ib may 
nob have enough memory bo load very long files. If bhe memory 


available is not- sufficient for the entire file to be loaded a 
message will be displayed and editing will be allowed on the 
portion of file which could be loaded. In case long files are to 
be edited, evoke the module from DOS. For very long files a 
normal editor line EDLIN or WordStar (in the N mode) may have to 
be used. 


OPTION 1: 


In mode 1 the editing of the file is done by the line numbers 
which are displayed with every line on the screen. The menu for 
this mode appears on the last line of the screen and the desired 
option is chosen by hitting the key indicated by a letter in 
front of each of the options. Each of the options are described 
below: 


Save - This is used to save the contents of the loaded file. The 
file is saved in the same name and no back up files are created. 


View : This is the option for displaying the text of the file 
being edited. Upon hitting the ’V’ key the prompt for the line 
number appears. The various operations available are as follows: 

if one number is entered then 20 lines starting form the 
indicated line -are displayed. If 0, is entered the last line 
of the file is displayed. If -1 is entered 20 lines from 
the beginning of the file are displayed. 
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if t-wo numbers separated are entered then the second number 
is treated to be the number of lines to be displayed 
starting from the line indicated by the first number, 
if zero is entered as the second number then the file is 
displayed from the chosen line to end of the file, 
if no entry is made then 20 lines of the file are displayed 
starting from the last displayed line. 

if any of the entries is invalid then no action is taken. 


Edit : This option is used to edit a line. The line number can be 
chosen by replying to the prompt for the same. If the chosen 
line number exist, the line number comes on the screen. If text 
is to be inserted or deleted, the cursor should be taken to the 
required position in the line by pressing any of the normal keys 
other than 'D' and ’I' and then ’D' or ’I' should be pressed for 
deletion or insertion respectively. 



When deleting text one character is deleted on every hit of the 
’D' key after the first hit and ’\' appears in place of the 
deleted character. To come out of the delete mode the ESC key 
should be pressed. 

When inserting text, the first hit of the ’ I ' key directs the 
editor into the insert mode. Henceforth any entry from the key 
board is echoed on the screen and is inserted in the line. The 
maximum length of any should not exceed 255 characters. If the 
line exceeds this limit, all characters beyond 255 are truncated 
and only the first 255 characters are stored. To end the insert 
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section press the ESC key. 


If no line number is indicated when asked for, the line chosen in 
the previous edit section is taken as the default. Hitting the 
RETURN key when the line number is displayed, displays the 
current contents of the line. 

If the indicated line does not exist no action is taken. 

Insert = This mode is used to insert a new line in the file. 

The new line is inserted from the line number indicated and the 
new line is given the number of the chosen line + 1. To end the 
insert line section enter 'E’ or 'e' and hit a return. If no 
text is entered a blank line is inserted in the position 
indicated. 

Delete - This mode is used to delete one line or a set of lines at 
a time. This mode takes in two arguments out of which the second 
one is optional. The first number indicates the first line to be 
deleted while the second number indicates the last line to be 
deleted. All lines between the first and the last line are 
deleted. If no second line is indicated, then only one line is 
deleted i.e. the line indicated by the first number. 

Quit To quit the current edit section, hit the 'Q' key. If 
changes are made in the loaded file and an exit is desired 
without saving the edited contents, the user is informed about 
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"this fact- and is asked if t-he edit-ed file is t-o b© saved or nob. 
OPTION 2 : 

This opt-ion allows t-he user bo append addibional daba bo an 
already exisbing daba file. In case bhis opbion is exercised on 
a new file, an appropriab© message is displayed. The daba enbry 
proceeds as in opbion 3 below. 

OPTION 3 : 

This opbion allows daba enbry for use by ANALYSE. The advanbage 
being bhab bhe daba is enbered in bhe righb formab and bhe user 
need bo wribe only bwo numbers (bhe obher bwo fields are baken 
car© of ) . 

To change bhe value of bhe consbanb parameber bhe f irsb field 
should be enbered as zero (bhis has been done because a value of 
zero for bhe firsb field is nob a valid enbry as far as bhe 
ANALYSE module is concerned). The user is bhen asked bo enber a 
new value. 

To end bhe daba enbry secbion and close bhe file, enber zero for 
bobh bhe fields. The module when run in bhis mode, does aubo 
saving afber ©very 10 lines. 


OPTIONS 4 & 5 : 


Opt-ions 4 and 5 are for renaming and deleting files. They 
operate on one file at a time and do not take wild cards. The 
default directory is the current active directory. 

QP TI gj ^ g .-- 

In mode 6 there are three commands, and ’E’ . First is 

for looking at the files with the mask given by the user when 
asked for. The second command is for changing the current 
directory to a new one. The new directory will be the active 
directory for the module till changed again. The original 
directory is restored as the active directory when the GENERATE 
module is left. 

4.3 LIMITATIONS 

In the current version of this module, movement of the lines of 
the file is not possible. Also no global replace, or search 
commands are implemented. 

The data has to be entered in the units compatible with the 
ANALYSE module and in the proper order. The information of the 
units and the order is displayed for the users information before 
the data entry starts. 


CHAPTER V 


THE ANALYSE MODULE 


5.1 Si>©cif ications and requirements 


For ANALYSE an IBM PC or 100% compatible with a graphics card 
(Hercules or Colour Graphics) is required with 256kB or more of 
RAM. A numeric co-processor is desirable but not essential. If 
hard copies are to be taken an Epson or compatible printer is 
also necessary. The entire software has been developed in Turbo 
Pascal (Version 2.1) and uses the Turbo Pascal Graphix Toolbox 
(Version 3). 

5.2 Hardware & software requirements 

The module requires besides an IBM PC, an Epson or compatible dot 
matrix printer if hard copies of graphs and data are required. 


The entire IONICS system is written, in Turbo Pascal and requires 
the Turbo Pascal compiler Version 3.0 or above. Besides the 
compiler, it also uses the Turbo Pascal Graphix Toolbox Version 
2.0 or above . 

Since the software is available in the source code, it is 
advisable to create the .COM files as described in Appendix I , to 
have the integrated IGNICS system working fast and efficiently. 
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5.3 PROGRAM STRUCTURE 


The operation of the algorithm can be divided into two major 
branches, namely, printing, and plotting of data. Printing of 
data is fairly straight forward and does not require any major 
effort. The plotting and associated curve fitting is however not 
straight foarward. There are two kinds of plots to be catered for 
along with their as.50ciated curve fitting. The flow diagram of 
the ANALYSE module is given in Fig. 5.1. 

Plotting of log(fr ) vs. 1000/T requires the fitting of straight 
lines to the data in the above form. Once the coordinates have 
been calculated, a least squares fit procedure is adequate for 
the fitting. Provision for Arrhenius Plots must be made not only 
for measured frequencies, but also for DC conductivity, which is 
calculated from the Complex Impedance data. The d.c. resistance 
is proportional to the diameter of the circle fitted to the polar 
plot of the a.c. impedance. The most common method commonly 
employed is to take the span of the data as an estimate of the 
diameter of the circle. This is highly inaccurate, and in cases 
where a large part of the arc is not measured this may not even 

be possible. - 

Complex impedance plots require the plotting of z cos(0) vs. 
z sin(e) and the fitting of circles to it. However, least square 
fitting of a second order equation in two variables is not 
possible. The equation of a circle can be expressed in the form; 

(X -■ a)^ + (y - b) = r 

A/2 


If the centre ia,bj can be estimated then a least square 
estimation of the radius is simple. The following approaches has 
been found to work extremely well in practice. 


i. Estimate a guess for the centre. 

ii. Establish a 5x5 grid of points around the estimated centre. 

iii. Calculate the radius and then the sum of squares of the 

errors for each of the grid points. If j represents the 

th 

grid point and i the i data point, then 

rf = IC(xi - aj)^ + (yi - bj)^] / N 

2 , ,2 

e j - ^ ( i^i , j “ r j ) 

The best fit amongst the 25 grid points is the point with the 
lowest sum of errors. It is by no means necessary that the range 
of possible centres includes the true centre. The true centre 
will be surrounded with points having higher sums of errors. 
This is achieved by the following process; 

iv. If the point with minimum sum of squares of errors is in the 
inner 3x3 grid then it is an estimate of the centre. 

V. If the point with best fit lies on the periphery then use it 
as the new estimate of the centre and repeat from step ii 
onwards. 
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There are two ways of estimating the starting centre: 


For data which constitutes almost a semicircle the middle of 
the span of the data can be used as the first guess. 

For data which yields only a part of the arc, the 
intersection of the right bisectors of two chords, 
constitutes a starting guess. 


In order to ensure 

that 

the initial grid 

includes 

the 

true 

centre, or is very 

close 

to it the grid points 

cannot 

be 

very 

close together. If 

the 

grid is defined to 

be 

very 

fine 

the 


probability of the initial guess being in the middle 3x3 grid is 
low. Thus, many iterations will be necessary for the requisite 
condition to be achieved. On the other hand a coarse grid may 
not yield the required accuracy. 

The twin requirements of fast convergence and accuracy are met by 
a stepwise refinement process. Initially, a crude grid with a 
large spacing is defined. Once the centre is located within the 
accuracy of this grid the spacing is successively reduced, until 
the desired accuracy is obtained. It was found that a starting 
grid with a about 10% (of the X value) difference between each 
successive point of the grid seldom required more than two or 
three iterations to yield a good fit to most experimental data. 
Thereafter, the step size was successively reduced by a factor of 
two until the desired accuracy was obtained. This successive 
refinement method led to a minimum of 'hunting' in the estimation 
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of "the centre and radius. It was possible in most cases using 
Turbo Pascal on a PC to achieve an accuracy of better than 1% in 
less than two minutes for 20 data points. With a numeric co- 
processor present the time was drastically reduced. 

The choice between the two strategies for the centre 
identification is not very obvious. Experimentation with a vast 
amount of experimental data indicates that the first strategy is 
generally faster, and the second strategy may be tried only if 
the first failed. For ill behaved data a software switch permits 
changing over from one mode to the other. 

5.4 MENU STRUCTOKE 


The nature 

of 

the 

module 

demands 

a very 

high 

level of 

user 

interaction. 

This 

is best achieved 

by 

a 

hierarchial 

menu 

structure . 

The 

first menu 

directs 

the 

program 

into the 

menus 

appropriate 

to 

the 

mode 

selected. 

At 

every 

stage provision 

exists for 

return 

to the 

previous 

level 

“bo 

facilitate 

error 


correction . 

The opening menu {menu„0) is simply a sign on message which stays 
for 3 seconds. The actual working of the module starts from the 
second menu {menu_.l), which asks for the name of .the file 
containing the data for analysis. The file extension '.RDC' is 
reserved for the d.c. resistance values which are estimated by 
ANALYSE. Every time a file is opened for analysis a ,f ile with the 
same name and extension ’ .RDC’ is automatically associated with 
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it-, unless the file being opened has the RDC ext-ension. To 
access a different data file it is essential to return to this 
menu . 

The next menu (in©nu_.2) displays the various options as under 

i. Complex Impedance Plots (z cos 9 vs . z sin 9) 

ii. Plots of log (cc ) vs. 1000/T 

iii. Printing of z cos 0 vs . z sin 9 

iv. Printing of iog(ir) vs. 1000/T 

V. Printing of raw data 

This menu directs the flow of the program to either the plotting 
or printing systems, beyond which control is taken by the menus 
of these sub-modules. An undisplayed option to plot the first 
two fields of the data file is also available. This is useful in 
general propose plotting and is used for plotting the process 
reaction curve required by ACQUIRE. For .RDC files options i. and 
iii. are disabled. 

In case curve fitting is opted for, the module fits the required 
curves interactively. The user is required to specify the 
initial and the final points between which the curve is to be 

fitted. In case of circle fitting to the cos(0) vs. sin (0) 

plot, the accuracy can also be interactively improved up to a 
pre-defined limit of 0.1%. After the final fitting the fit is 
shown on the sdreen and the radius and the co-ordinates of the 

center of the fitted circle are displayed on the screen. In case 
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of the d . c , resistance (, i.e., the diameter of the circle) is 
required for further analysis, it can be saved on the disk by 
replying in th^e affirmative, to the save prompt. The resistance 
along with the temperature is stored on the disk in the . RDC 
file. The frequency and phase angles are set to zero. This file 
can be used for the log(o' ) vs. 1000/T plot of the sample by 
loading this file from the file selection menu. For log(tr ) vs. 
1000/T plots it is possible to fit different straight lines to 
different regions of the plot. 

It may be noted that the plots are of log(<r ) vs. 1000/T instead 
of ln(ff ) vs. 1000/T. This has been done since the Graphix 
Toolbox is not capable of handling log linear graphs. The 
scaling on the Y-axis is marked in log((T) instead of <r . It is 
easier to convert log((r) into cr than In(tr) into <r . To convert to 
InCff ) is in any case a simple matter of scaling. 

Plots can be generated through screen dumps at any stage. 
Provision has also been made to do the same through the software 
for Epson printers, by answering in the affirmative to the 
option. 
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1 Flow diagram of the ANALYSE module. 

















CHAPTER VI 


A SAMPLE RON 

A sample run was made to test the reliability and the practical 
efficiency of the IONICS system. The sample used was a 
composition of LiBr containing 10 % AI 2 O 3 . The sample was first 
sintered at 270* C for six hours. The sample was then heated at 
the rate of 60 deg. /hr. and readings were taken at 10 “ . intervals 
upto 437* C and subsequently at 30* . intervals upto a maximum 
temperature of 508* C. The holding time at each of the 
temperatures was 20 minutes. 

Some of the complex impedance plots are given in Fig. 6.1. The 
Arrhenius Plot derived from the d.c. resistivity calculated from 
the complex impedance data is given in Fig. 6.2. It can be seen 
that the scatter of the points is very small. The very low 
scatter in the Arrhenius Plots also indicates good internal 
consistency and stable temperature control. 

The experiment took a total time of 22 hours. Using nonmal on- 
off controllers it would have taken at least a week and the 
scatter of the data points would have also been much higher. 
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Z cos9 


Fig. 6.1 Canplex impedance plots for LiBr (10% A1 0 ) at 407, 417, 427 and 437 K. 



1000/T 
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Appendix I 


Implement-at-ion of the IONICS system 


The integrated IONICS system consist of three modules named 
ANALYSE, ACQUIRE, and GENERATE. All the three exist as files 
with the same name and extensions .PAS . These files contain the 
source code of the modules written in Turbo Pascal and need to be 
compiled to be run. A fourth module IONICS, which functions as a 
shell for these three is also available. 

GENERATE module 

Out of the three modules, the GENERATE module, which has a line 
editor and data entry function customized for the IONICS system, 
has no hardware dependence and can be run on any IBM PC. To run 
this module under Turbo Pascal, load the file GENERATE . PAS . This 
file may be compiled and run or better, converted into a .COM 
file using the ’C’ compiler option. 

ANALYSE module 

The ANALYSE module uses the Turbo Pascal Graphix. There are two 
files named GRAPHIX. IBM and GRAPHIX. HGC on the Graphix Toolbox 
distribution diskette, and the file appropriate to the graphics 
card used should be renamed to GRAPHIX. SYS. The files of the 
toolbox used by ANALYSE are : 





! -..AiVpU'’ 

i . 

TYPEDEF.SYS 

Acc A fill 

ii , 

GRAPHIX. SYS 


iii . 

KERNEL. SYS 


iv . 

WINDOWS. SYS 


V . 

AXIS.HGH 


vi . 

POLYGON . HGH 


vii . 

FINDWORLD.HGH 



All files listred above must, be present on the same disk and 
directory as ANALYSE. PAS, before compilation can begin. Once the 
toolbox has been installed for the graphics card used, and all 
the above mentioned files are brought in the directory of 
ANALYSE. PAS, follov? the procedure explained above to create the 
ANALYSE.COM file. At the time of running the font files of ' the 
Graphix Toolbox must be in the work directory. 

ACQUIRE module 

The ACQUIRE module is the most hardware dependent module of the 
three. The dependence is not on the basic PC itself, but in the 
laboratory interfaces, and the instruments used. As ACQUIRE uses 
the PC only in the text mode it is independent of the type of 
graphics hardware used. To use ACQUIRE the system must have one 
of the National Instruments GPIB-PC2 family of GPIB (IEEE488) 
interface card and software, along with an HP4192 Impedance 
Analyzer hooked up on it. 

The GPIB card comes with a software to interface it to the DOS 
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and the language used in the source program (chai:g>ter II). The 
Turbo Pascal OPIB interface, consist of two files TPIB.COM and 
TPDECL.PAS. Before the module is compiled the so:ftware must be 
configured to address the Impedance Analyzer by symbolic name 

'HP4192’. 

If automatic control of the furnace is also rstg^uired a Data 
Translation DT2805 low level interface card wit.!:! DT707T screw 
termination panel must also be installed in the sj^stem. ACQUIRE 
uses the driver DT2e05.PAS to interface with card. The 

module as set up uses the factory settings of th.^ card. In case 
the 10 base address is changed during installatiora from 2EC then 
the base address must be changed in DT2805.PAS. A Chromel-Alumel 
thermocouple should be connected to input 1 and tln« power can be 
supplied to the furnace through a solid state rel^y connected bo 
bit 0 of port 0. 

To compile ACQUIRE the following additional files must be 
present : 

i. TPIB.COM 

ii. TPDECL.PAS 

iii. DT2805.PAS 

The IONICS shell 

The three modules of the IONICS software can be independently 

by evoking them individually from DOS (2.0 or hi-Sher). A shell 

called IONICS has also been written to run the software as an 


1.3 


integrated 


.•system. This may be more convenient for many users. 

1' it; the file called IONICS. COM and exist in the 
rrn To run the softHare through the shell, generate 
the .'-OM tiles od ail the three modules and store them in the 
samt dirt^ctory as IONICS.COM. IONICS.COM is generated by 

compiling IONICS, PAG under the compiler option ’C’ and adjusting 
the code and data segments to a size much larger than that 
generated by ANALYSE.COM. It is advised that the user should 
avoid recompiling IONICS unless he/she is sure of the procedure. 


Note that all the .COM files of the three modules must have the 
names of th€^ modules to be run from the IONICS shell. Also note 
that th«> ANAliYSK modtile ha.s two overlay files named ANALYSE. 000 
and ANALYSE. 001 in addition to ANALYSE.COM. These two files 
should always be in the same directory as ANALYSE.COM. 

The IONICS shell when evoked, also makes the various programs 
available through a menu. Otherwise, ACQUIRE, GENERATE and 
ANALYSBl can be run independently. 



Appendix II 


Estifflation of PID pairanie'ters 

The temperature control routines of ACQUIRE use the PID 
algorithm. The PID parameters used by these routines are 
declared as global constants. The constants are in KC_REL, 
KI„REL, KD_R£L, NOFSTEPS and MAXT. The first three of them are 
the system parameters of the Cohen-Coon settings and the fourth 
is the one control cycle in seconds. MAXT is the estimated 
maximum attainable temperature. To get the PID parameters, 
the following procedure is used. 

Cohen-Coon parameter setting 

The response curve is determined by giving a step power input 
(25%) and monitoring the temperature as a function of time. The 
response curve is given in Fig. 3.1. The inset shows the short 
term response. The parameters as estimated are marked on the 
figure. The actual values calculated are as under: 

MAXT = Ultimate temperature/power = 478/0.25 = 1912“ C 

Following the Process Reaction Curve method of Cohen and Coon 
(1953), Stephanopbulos (1984) gives the following estimates for 
the PID control parameters. 


K,:-. = ^ l/K)(t/TQ[){(4/3) + (T(i/4T)} 


• tj '^’d ! < 32 + (6Tc[/T)} / {13 + (8Td/T)}] 
td " Id [4 / {11 + (2Td/T}] 

V 

where K = (output / input ) steady state = B/A 
T = B/S 

S = slope of response at the point of inflection 
Tfi " time delay for the system to respond 

The inherent assumption is that the actual response of the system 
can b© approximated by a linear term and a dead time. These 
settings are only a good initial estimate and are supposed to be 
fine tuned experimentally. 

K = 1912“ C T = 10371.53 


Tfj -■ 181 sec. and hence 

“ 437.66 sec. and t<{ = 65.61 sec. 


Appendix III 


Listings of programs 


The listings of ail t.he programs written for IONICS are 
here. Besides the three modules, listings of the shell 


listed 

IONICS 


and the DT2805 driver are also included. For compactness, the 
page has been horizontally divided into two and the listings are 
in the compressed print. 




url 

u 


ID 

U 

a - 

U 01 

c 


Q 


iu 

0*5 **■« 

23 


m 

• CD ai 4 ^ 

S T' 

O «•»* iiu 

O* *« »:.■ 

►' M Sk.,^ iZ ai 

*U. tA.J «rt'' ** 


o. 

■...- -M ' 


«at - 


; f,-'- 


t ii.i 




•••.It* U !* «r. O' 

k. <«'* r , . , *, xa ,. **i 

i«j w m a* w A »v i4 *,*» 

if1 •*“.« ,|,.» * •' ■• % J,'5| rt»H» »*.»» 

C! »(,» «4 „ If .« ». ». ♦ 


«3^ U 


f '* .t 


j><> 'f *T 


♦:i .4 .* 

4. « •'.* 

i 3i • 

' 'T* m 



■4” a* 

*:<t e»' 


C3 

0.* 6 


n'l UJ 
ui Cf t 

ii,- >« 

-.j 
.-■S <c 
t »->: 

<i,' 


tn tx 
04 • 

k an: 


?-r. XZ 
CU C3 

••-" o 
lu Ul 

in h- 

CU <r 

fc- o-,: 
Liu 
Z£Z 
f U.4 

>— * cc 


o 

« 

04 


C.U"5 
CO -- 
x: (I 


CD '.s 
• J 

c*, »:S*. 


• cii -ID a» CU 

iD.£a -«<, coxa -fuxa 

o’! k. ro 

>- CS r. c r. c: 

CU a:: “C3 a 04 a:: -o cu cu 

>•0 DS o c cx-c: o c: 'c: x: 

a u-u o 04 tj -*-4 C.3 04 Oi u-u 

• V. (fti I. .k-. ixl 

"iT> •. e» La — • •. IS 

*4; •<. crs cb 

ID (U .■•■'V Co 


-•. 04 LU • - 
C5D — . 

o: cij 

■■ ■ cc — t 


<x: H- . 
-4*u *.«- .+•■•> "SZ Cj,i . 
• r-* Co <Z :.7. 

>5 S'i ID 

(I I ID in •- ' 
-S'/-' iD 'a Cu 
k tr: CO +0 

1.0 o* o CD ;r? 

irt . C,4 

k- irt (jfi Cli 
1 iCl 


CO Lit 

CO -o Cti 
cr k, < 0 -I- • 

I'.n' Cj o ".-'i 


m 

*~t“ -*a U.J a.i 

04 ^ CD 

!»j; :u K. cu 

tu u'i • — •■• ■ 

•" Cu '•C4 •:;! 

I.':: t,„ *'CJ 

oi CD c.i : 

'lit Cl 


tJ fa . 


i K Cu 


>r tU ■• 


: 04 »i;44 
4 111 Co 
-ca ,o 




crs 


CO 

k-- 

Cj'J 

i 



ttt 

=3 


csa L- csa 

Oi Oi 03> I 

-4.J iT^ CT» C '4 o : 

£3 Ik £U 

,^a CW “O 

O — • c: crs »<r. .^. f.-J , 

to <— j *.^<11 -j-* * 

«C!» »« -M •»•. ;< U”! <••«". k 

••u ;^.<3 £Sj K u- cy i„ .--I — «» ■' 

I’d 

ai u. k, — '3'* * “ ^ fc- cu' 

-M k„ -«si fo ^ cu cu «•. i.„ «‘a 

:». fo ^■v.^ ^ ..♦u ^ ..t- ,-a 

.o ITS c: .k-* k. t~ U-V-. w- 

#- or tz 'ca c: k-»- cu ci- * 

-sx eu :3 «« -o «i fo #* .*a . 

.431 k- O O jO laj — » (UJO'O -- 

tj M- t j ss tj 'o tji « 


k “n U"i 

«aa u"! # - -• 

—* r*j >—■ * 

k..-. *— » rO <55 

•:3 < o -ctsi k- ■* u i 
cs cz c-’-* cr**.- 
. ..^ <..J CZ O'* 

!m. k- on- <»«* c: 
CZ >*-. ■ 

t,n t/< u. 

u it •+-* 

w- k- -v-» u irt 
tn Cu ii 
uN u> It UJ Cu 
.'O cu cu -If-* 

.<k-* JiSI ••►■J 

/u OJ - 0 04 ■ /-. 

'■a -»j o -cj . 


cu U'-l •’■*' 
O •V'"* 

>« O 
x:* CU w. •*-<* 
c: err I'd 
04 c: tr 
ca. o 'r-k Cc.:: 
Cu ..o c;i 


*■ crt 

u c: 

■0> O . «~4 


cu C3 -O ..o 

:3 -M U t cu 

—I ,cn: -k-* 

«'f» ' — -O't -*•■■* •“- 
•- Ct; U4 


era •*--1 . -a co 

»'■■< ci5» r-- •* , k 

* uh eo 
u «»» ••IT ■■>>u -•'t 


k -«sa cs» k. Cc - 
cssi,i» cja, .-..irsc « 
laa csa isa csj- »•— r. 

isa ter -k-* ® cji n , , 
03 m e 

•¥^ H It — J ->J , 

11 O k-*. II -’X tp t 
oc. %z a* cTis :5»k « 

C4S *-•* cx: m <c uj 3 


o 

Cj 





... V-. » ae “2 

cu o c: 


“O u,^ cz 
m »... 'O Oi • »■•< 
lf\ h„ Ul CHS'! 

Qj 

Oi • --1 Cu _f3 


w m c'^ o- 

urt H, 

Stt <tl 


-*-* t-1 

a, cr -X7 
cu :‘j cu 

fle '■•<- CU 


»u- QC -M 
1*0 OBS O 
Ctt C O ' 
O'*--- c 

a ul • .-1 
• „j:s cu v- 
k, O*' o 
-fJ 13 "O 

m o 

k- cu <■(3 
«-o j:z c -KJ 
ra 


«3 CU vrt iKi 
« -a -r-f l» 

£21 u:= o 

O cu .M VJ 


ill tn ^ 

C3U "ta . r*» O’’ 
,*i: C3 ---» <3 
rt- CU £S CU 

u-j ra ^". 


l.- . ^ -C3' 3e 

■ i>rt ** ***“•“■' C3 
, ca*! 2g; at ^ ££ "C3 


ACgUIRE.PAS 





5 -o :3 

4 no tr» 
i III cu ^ 

k- W-, 




^ <jia tin c-w -r-H 

U-, « 

II *•, .Miia 
DD C3D (ISffl -ir 
ta-ra : 


" cr»at ovTo^ s< >e^«. 

" S c: irt o o 

<JCl <3 j ^ ^ 

* o o 


^ T ’T-m >*•:»-->- >c • 

^ ^ ST 3tt *>3^ U-i X 5-t o 
» S -- o o i;a - 

^ -O Cw ,4^ , 

#%• w- *-+-0 a o ^ 

-’* • -rn . ^ C 31 o** tr/"* U 


k, r.‘:* u 
kD ■...' .•».*■ 


^!S oa 

-."O -■'■■ 
03 fti 

cu -v-> 


iU <1* 

' vjn <-n 
£S (C3 »>*•• flU 
fis m Ksa -<«• 

■ u. . o 

I-. ’‘O 

^-1 e» isa 26 

<33 - isa -w^. 

- laa esa ^ 

.-•<53 O 

isa u u u •■■-I*-' 


* no CU O 
. -O “O 


cy* o*» 3t' <y'*l2'' o ca 
■CU ' ■ ■ CSTMw* 

-C3 ■: , ■ w 


ten HR nr fiCflUIRE.PAS 



li: — - !t <a ^ 

CXMOi "O tx I 

. tre .■•'■» * 4 . -t--. ess (i-. >~ ••• 

taj ^ .JD o CO -J a: I 

.+j -fj o** :3 c: -w <c 

— u’i c/a '«ir .••»» *nci~ *•«"• «TCl • . 
^-cii :3 £0 rn o -.>•■» »c: ■*-• co -i 

»'Q irt CO «... •«'-^ , •'.»■«< "«•' t~-« ««* ta- 
co £0 a —'ic -O «. to -N-.^ £0 - 

t- )■“•- H-« ■v"! r*''. -♦.> fc- O'} os 

O V- •-'• «“* -aZ — < . ra £0 f-'*! 

.v ~4 at ca <%< u “c? > *■«” ••. *• 

{ o 0-0 > — 

yz Co -o j< • -c: I »* £0 

4i«. M- . *•-« o «*-i JK O -i--* -£3 CD -»^ - 

V.-..* . „« . 4 .«i , m .+-» £0 . . 4 -j . 

O O t- £- O O £3r» CX O fc- 

«:3-> jtt -£3 O'*.*- cr» O'* ais .. 


».-o sd cn £b c:,M- u 

ca m< £-. cu II ■ tz 

-jrD as its OXt • ■» to U’D 

fc- k- £0 • #*1 X* -O «» 


< . 4 -* o t 

J >< £0 ’L'? .+.J - 

j Cs ^ p O 44 

- O. 

R C 3 r»» I.- 


rSO CO i ;"-4 
• 1-. It ..ica 

.HE »i "CD 

. 1 .J t'U o 


C!0 U'i k- -•. 

oi: , .'s- 


••O' U "x. P*'-!.. <«“ 

cs -- 01 


-ff aroiitRF.PAS 


Ol 

JCS 


tft as 
-<4- "Ol , -O 

o o 

•*'« I— « 

^ O can 

w. **• 
tn uf«T3 cy 
SJU k- 
tti un as 


ifi cs: txs 

a» cutn 
*o u « 

O) Ol'irwCdt 


-iM kU ^ 

flJ C 05 O'* 

«c: Ol . -o «B 

« CP £3J 

— 4 trt jca 

XP k- XS £X 
cs Oi f» nS can 

'•4 ^ CW*~« •«»» *. jC 

«s « 04 at > 

oj <ro 'irl t:*H- 

Oi > ill ^ O Oj 

-*-» 04 m .k-^ 

Ol ur cs -.«» J 
Ca -»«* -w -* 


eo 

oTii eso — . 

-43 t!5a rsa •••. 
r-"* -43 -43 ea 
— ^ k-^"; -.O . 


OJ aj t 04 4-Hr 
k- I- O'! V„ 0'« 

• 4:” -.... Jjg - 


s:a -4- aa 
"4« U tu t-, £U 
-M fc-. -k4 |.« - 


— ( JQ — . j;a — . „ 

"* 1 04 *o*» Ol 'o'' t;u 
"♦"»» .c: fc- <t» t„ 


,t-4 C- 

(U*l -.r-* Q «V, 

cz a <0i& cz 

•-« OS' «l' 


.••isaf 04 lO Of «ii 
• I fO ••-> 1— > t-fr-* -**•■ 

1-^ 0!S» ». ^-* •« fc-. V-. c; to ta 

»v-4 c-t - i'd-— * 0-04 '•0 

1^.4 »•-« cu "o «. can-t-j •• • I'-u 

•ran o"^-* k- <— « o- iU ita 

tz c: . . o 04 -*«< -xa zi o 

.4-1 ‘.-t :i— -o or -M c: --n c: p 
b„ v- '’d f— * -•• t**! • on v.a‘a 
-^-4 0-4 cant;- 0 h ut -4-4 , . 

krt lO i,„ * 4- cu cuo- -•. ez ■H'.' 

ro — ■>-* O iB -ca ko in 

I I I) ,» •.4- I'd -»-4 to — u- 

CZ P V- tn ,y.4 Ca*' k- • *«i 


csa c>n:»-<t: 
oa «:u o '• 

C-3 t- ••'"• 


> «S CU •■<- - 
Cu as P 
"I’o a -v-4 w- 


•:/> k- - 

p n::c ror:; .xr 



CM “O «= 

X3 c: 

CM Ul 
CM iaL;3 
■SSl CM 


c O- -»-» CO 
3 «-4 c: -JO , — • ■ 


i‘*~* „sx •er 

■-» u 
;«.* m »•. 


O >*■ O >-<r— • X I— i ««r H 

#. crixO-. 3 <mCU £ 3_0 ir -4 ; 

CM *-0 o cj at I 

O k- >—) 
a CU Q UiX,- cno j r . 

»— »• cnco ar»<r a-Js O - 

*. «. ». I*. O -M 

-w «—* -w w J*Oi U» O I 

CM a» Ota cu esa ai cm m c- 4 -i«* ctm 


-ct ra 
c: -»•-» 
o u 

CL. U <13 


* 4 - »•- IL» 

. — CSS £wr*-j 
t— . tl «B V-.- 
0*4 .» CU . 
w-i i. c: «— I 
CM C 3 flir-n I 
i t* JS C-l I 


4 IXI 03 ^ I 3 ••— -or 

rn r*«. cr*- ^ a ’vr- 

* •<- jh!ID —O"' >*• V— O **< L. L«. C *'4 -'• 

5 O- 03 04 m 04 04 CJO -v-* 0 *> «- 4 j '3 

■* -o 'w ««r ^ CJ u-i u’3 

3 >-0 >-. o ro ;t«. 

9 |K 9 CJC 33 <»C 3 3 <XXJC 3 XCU JO ' 3 <« 9< 

C O O 3K O ac O O O ac O -4-^ o o 

1 ^. 4 .^ tia ^ ^ rt 3 ..w><-« x ->•••' 

. O a Ik. O k, CS O O k. C3 U CM D C3 - *• 

» cn cma artia- tai-cn onro cr» jfc -w t.yi 


C 3 . ■■■'' <U ■— " • k-'« 
t.J O 

, i .,v.j -O CX. 


O UJ O 

L... I*.... kw. 

k- U OOk. 
CM L. k.. CM 

n u. u*, m 

*• C) cu cu 

, ^ k. Ml fiS H 

.czr^’i w. 

CM •.<- UJ 

cr»ai ..~f 3*3 


U **0 c 
• w-w CM 

^ u\ jc 
■03 -k-» 


.+-< o o » o 

c: -k.j ;< CM ‘IS -k» ' 

0 » ift O -W> C 3 <!»» ‘-I.- 


LISTISe OF ACeUIRE.PAS Page 18 



u al & 
im 5.-0 

u a. It 
<Mt "O •«> 

« 1ST- 
'o^S-S*S*^ 


*ts * m 
oM cu *o 
ui o a 
a «! 

c: tjn 

O lit iA Ot 
^ ^ c: 
^ «ti rtt -.»4 

u xa xa 
tfs o o a 


cu a 1 - 

trt 

ftu. 01 I/I 


*0 cr> 3S 


■O CTi ^ S 'O 
c: a« ai c 

uj tn _o vu 


• ^ O •'d 

xs- >> 
C3£ 


t.j 18 

c/: «s :3 
• !•— a o 
O TO 
t-' Ul 
3,1!: ij c: 

o <*d a 

1- fc~ 

•4»>»«<* '»4** 

k- n u 


.■:i» {,j J.J 

-o m > 

■•'•■* o a 
•o 

c: lu cu »- 

j‘.!.t 10.0 at 


o o Oj i- 
i.. I'o. c: -i>^ 

i o o 
ir -o 3?/: 


UJ xa ..C3 «»-* 
ts; o o a 
:3 o 

u- i’ .o 03 cx; 


1.0 o- •<- 

-o 

.. fd tfsa I 
M- -J3 C3*» 


'O O lO ^ - 
I rtf -Jwi .43 CS 
HU O /fl -'l. 


CU - ‘■•■ 
.Xtf to^ tx. 
4.^ O) (U 


T T T 1 O 



Oi k-t* 
JC ^ 
-M CJ» 


-o 


“O -t-* 

k: 

tu “O 


i- 1-. 
-v j 

CJi C.1 


O 

-f-* 0..r-f 
O. O -». Jf 

r2 o 

‘“o cx 
X. ^ CO 

CU CU o o 

C .M 

c: cr* 
-9a o i::: 

O IJ 

m I'U -M r— * 


rr c: «8 
fti V.. CU 

• <«- sz iu .c:- 


tu 

oJ" 


-ca -ra 

• »-i c t:u 

-o fo a** 

04 cs Oj 

xa CO f.j 

ill «ii ^ 

k, til Lj r— I 

Cu :a ns 

-i-* Ul Mr- 

04 -l-J k. ^ 
«S OLOi'.-* 

ns S3 -I-* cr 

k- i- tJu 

C O k, m 

O-Ol *'0 cz 
-M Iw du 
M- c CO x: 

• r-. . ea-»..» 


”t3 -i-4 
01 CZ 
CX CU 


ns ui c: 


■<«. O 
ij o 
m -a 


-o 

*o 


sw n-* . c: ai 
CO 33 k- c: 

0 cx. xs 
jo c: .4-4 
>>-*>n oi n 

01 b. o 

-aw: "Xs 

1- ■ d 

c re fccjc 
ns o -c; uj 


Ci*> 


ut z>- 
ill CU - 

Oi -xc «si ac 

O CU Uu >•* 
u -c: 1 jtt 

I3U4-4 <•— 

k. CU 


CL 

>-. 

CU 


ns 

•-4- JCZC'M 

j j u mt 


pu-o 
33 -cat ..C3 
i-. -xe o 


ui O-^ cr<-r. 

cn CU 
“o J3: CU jca 
-o u -cn 4 0 
.aot u oor-o 
— • ' «rl- iXf 

-ta 04 o~- "~4 
c- i'js tn sm »tw* 


01 'O ■— • ^ 
CZ . 4 .^ ftt ' -o 
•o- d CUM- 
<3% k, . — 


04 


ca: ••' £3 cr; 

-o 'fat o CT« m 
c= -rjr'-"’ cr Cu c: 

tU o ^ CU 


a cm 3 
: 111 
03 


Ol > 
JC CU 
iJ -o 


6 

o- 


d CUu 

Su “■« ■ 


.« CM 
cuU- k- - 
cn «-*o k. , 
, nrj *i«t* 04 • 
53 CU cu-ca 
O-i ul xx — « 
— » -k* or*. 


CSi'O. 

fu .. 


cx 

m 

04 

-kJ 

o 

cr 

O 


CC 

S 


cu 

••a 

o 


l» ftt 

»— .-xa 
o- o- 
o-u:3 


CU 

c: 

til 


(Z o-'-O 
O ■ k. *— t 
i.4 k. O'* 
CU lci 

O *10 •'• 

-f.1 O -CU 
;3 ii^ •— * 
ffl cgi 
Cju iEB 
CU li» O-. 
,0 CU JO 

4*1”*^ t^****^ 

*-4- CTi 


jM O . 
CU ti 
O*' 04 


a -w 
o u 
tV *'*■ 

ul 04 


Ml O 
-> 04 

-ca 


•13 

M- J 

l« - 


111 Ul 
11 CU 

'C^oe o-t 
•w .0 ^ 


C3 


CU - 
Ml I 
SIC 


CU o 01 , 


ns 

^3* oa " 1:3 

„ » -k* i%j^ Os Cu 

* t3 n»-*.J tit XI 
c: 04 04,,“.^- 

as cx.i;ai,w.^« 


04 

u 


04 

o 


Cll»k4 

flu 

-o 


01 in— 

— « 0„ 

t’il ->-4 Mt 

C- • ' 

;3J -o 

d - ••'. 

CU n:3 
c: 

CU 


■ O- CO- 
»i»t 

-».4 CU X ‘ CU 

Ml -fU C,. 04 O 

iu *'« c: o 

-►.4 O -vJ O SKC 

X4 if! S3S 
O ro •<•* 


-o - tu 

CU 'O Ml 
111 O S3 

;a m 


ixi re . 

-ca -ca * 

o ca 


O- ill 
"ul I'O 

k T» 

o- -• ■ 

Cu 

9.'' 

<•5 

csk-ca 
CU t J 

-k4 . 

Ul cu 

ll'i 

1 T 4 


CTt. ,-t 
CU 
-O 


CiJ i,. -{■ 4 

c: •.» *’0 

. *4 CU 'O 


CU 

.la 


o 

Ca- 


cn 

:£X 

k. 

:3 

"to 

m 

w 

ca 

!>« 

I'X 


CU 

UV iz >. 
ffl kJ 

s» m 04 

:» JW5 
04 ta-*-*- 


S -fU 'O TO 

: 4*0 cr - 

*•. CU M- 
-» 1 : 1 - k- £w 

... til .•t..4 
;i s«» i- . f* 

:■«. V- £S w 
J C3..M.. TO 

C M t... 

•> . r-4 iO*“ rti 
- 'C3 -- “4- c... 
.* ill -cr k- CU 
X «•• CUL ffu 3!»* 
xr -Ik-' o 
It- C3 • *•*• X3 


' CU 
%n 


• . CU 

To Ul ■ 
O S3 


cas 



Cis 

,.i'‘ t'U 


Ul 


k.» <4^ oi 
o •Njs: - 


cx, ns fc- 

« pM . 1— ^ 

02 na aj>P4 


c iw •4-'' ca*"^ 

■ ^-*-4 Ol *4*. oi *.+. 
‘^.Ut ■0'*T-i jtj oJi..- 


o 

(£> 


m 

CS U P*-. 
.. «J 


ft 


fS-V ■ t 
fl -r-. 


r;i 

; CO tn • 


.•;xjf3 
•♦.4 ;'.«;o 

in r-'> 


fit itS9 
> CO? 


*•• ■' c;x-» f-j i“ ijs ct fl 

M »'. c: ••' ilij * 4 - v.^~ t„ c: 

£u 4 ' ». '4.i.“.z li r -':< i.Tx. <-« O ai 

in «’o r '.» -I..4 . r ag • ,% ao-jix 

p-.-. I ..?.•: I CU .4-4 1-4 

'■=‘ 'r '3 «..4 i3 -►-* :» -4-. 

•-i- “CJ ^3 c:: If ni c: q — .4..' *s 

Jl CJu’’^ ilU ..p _C3 iU O CC — 

p- ra cs. ss .xs me: m tu-ca cn 

»ajs -*..4 -1-4 ij oj •-P' t:u -v-i eu w 

w cu-'-'Cso «,n esa i.« ut -o 
.#-< ra u? >1.-. f‘«a ".I* p.— I'l •.4... t.j fTa* i - 

onua ic ^•”> r-* lit r*ii «ft iiBi 

iiw 


«i '-tp 


c: Lo cs-cstss 


O'iJ 0*>'-4- '!» 


art l«+"4 

•r' c: oi c: esa za m 

K» in c: CM it cS'-ca 

® eu sat cuM- 

uoEft eia u -4 -- 

CM ea ‘•ap. i'j» «» 


^ w,. 

- 1.> CM -v.i 
'•«- ..« ti 
14-4 U-a 

rt oo 
c: -%i; >:xa 

CM tJ C<4 
^ ftf -*-4 

_ 4-xa"ci 
- ess Ht- *. 4 * 


tru 

-re 


CD 

cirt 


Ct2 - 


c:k 


c g 


CL- 4 
CD 4 
OC 4 
CC 4 


sc 4 

*—» 4 

4 

lOS I 


<C4 
LU •) 
OC 4 


I 

can 

at 


o ■» 


CM 


:3 - 


-ts o-co 

-*.4 S3 

I.-, o- 

“O v- to- 
ol eu nj 

-t-4 - 

0_ CZ fc- to 
S3 • O C< 

L-. '4- •«■-< 


tn in 
-o -p. 
c: -4-* 


4-4 CM to- 4wf 
h— tn *<•. »— a** 
O .pHi 

4r4 

t L- la CC '•O 4«i<f 
-*-4 i-. oi ro 4**i- 
*p. oi in u- ip. 

. P-I to -+u os O 

O *<Pi4i IMf 

*►4 iRS eu I— 
ex, .N « i-4 aca 4 p* 

'to ■ .--I as L- 4H- 
lit •»••' -ta CO '♦M* 
Hh4 era - 4.4 3C: r-4 4P4- 
CM eu«'“-> I’u ***.p 4>«* 
Ctx. cnOp. ca>"”4 „».a 4wf. 


CM CM 
-ts in 

-4.4 -{—■ 


L- CO 
'O I- -44 
tr CM o 
jtJ .44 ea’« 


O CJ-S' -v •> 
•• 4 - IS f 
.,— O’i 
;>-"0 Ljj 4 


' 3sr ' 

u. 

o 


..... f.-, I 

CM {-•- 1 

-1-4 C-4 I 


CM 4 ,. p- CM 
lU .40 "i- in 

"m • lu 


O- -tx*!. 
CO *-*• 
C.'4 •<*•*- 

,pj 


lit Vp to -Iwl 
».. LJ -V4 4wt- 

JZt eu >'0 4 x 4 . 

P.-* u't 4*4' 
4»» 

t'U to 1X^> 
— IJ 4M. 
-to CM . — -v.* 
p— . in “ca •»'«■ 

O'M'4 -• -< 4X# 

pCS - C3 ^vs- 
•— • trrj.-.i:2 -W 
U'« t« 4 p* 
*f.a — !» HA* 
t" .••■••. 4x«- 

O 1- •‘*■4 

IJ O L- ■ixH' 
Lt» to- 14 
ifi CM .fxa- 


..x4 i,„ la Cj'C 


►-P* . 1*4 

CM **«»• 
-J -M* 
CO -u-x 


tu «ig 
C3- 5 .^ C*. 


■ p-1 O 'O CM 

-V4 iT.t 4-4 

H4. O m rd 

. ,w u 


CU.P-. 

in eu 

C:- 


O - 


m 

•i mCCI 


I.n Up •**'» 
-t.4 CS U! -ir*. 

I P.-U4 CM APK* 
Q; |.-p trt .1,,, 

p. S-S P-* 44 414 

■ . 4.4 f.'5 lAW 
1 -t 4 3SS *-• ■* •!(*»*■ 

■ ai 

O'C'a -f-'^ •»*•* 


iS CM O 
m ..w> CO* 
j::c 


pt -j. j tj 

»*4S^ Cl 

- C?*" I.P P-'4 

-» *—1 I— -to 
•- «r.r CM ^4 


LV> 
~.J - 


CO. C3-*~4 


; «cr 4-4 cr t( 


' k. CM 


CM- 


cc -.Opc:- -p., 

k*~ f""- 0-4-4 o- * P-» CD 

<C *4 I 

tia p-4 oj 

•>•■ *x. o . 4-4 , tw fts >- 

S'C -O •--« CZ Cm >i **-* O, • '■-‘ f— I 5< 

O 4.4 O'lp-* ’•'•■•Pil-a O'—' 1.4 O 

o**'*;^ >4-* 4.4 ..t-a in -^r'. tri-t-a 

O tc M- CM t" I- CO D?2 ‘■4- — 4 '•'O 


ac 4 

4 

CO 4 


D- ■* 
CD -t 
O 4 


tu 

cn 

re 

Ck 


CO 

CO 











> 


au< 


iflU 


ifU 

c: 

du 


m 

o 


cs> 

AS 

cu 


-o "sr 

jffltfO •■« O CO 

to -M* -o csu-sa 
4.. tt I It s 

5< *. >g .« >1- 

*~n !-*» 

r-i *o ^ c: . 

I'd »J»JI 

c as cs cd d 

to to' «a ra-M » 

«M to 1*0 

>- -♦-* W "to -M 

jQ 1*0 wj na 1*0 

.• to ■4-* cu to 

..•M ca nu iw, to. iw o. 

•^to Cl cu o to. 
fc.. Sf* t-. ca- w to. k. 
m s; 

>. jp 


to 

u 

to 


ca- m 

to c: 
to to %.... 


OT t 




_ c; "o M- 

■ «*o to 

- jT: C "to 
O -*-j kJ c: cu 
CP (to «•• «'o to 

«iC UH t,l t;i 
Vti tl'l 

to k. i to 
J= O ^ Qi .£3 
M~. to j:3 

to O 
M- TSI £;; CJ -\r-l 

D to ro ' 

S.0 .to ui 

to ;3 i..i u« iS 

b« u.. 

to cu to cu CO 

-w ua to JTJ o*' 
to i Ba 

isa o jo to to 

to 




.A*a 


cd -ca to 

£3- to > to to 

“C3 c: to 

to to: to to to 

C3 cu 43 cci c:i- 

O .♦.j H— 43 
• c: 1 .; Vii 


«*0 


43 

O'l-*..' 


43 •+-* • iM tO 
-»-* :3 ;3 . to 
-to icrta to 
to- to O 
:a — k- '•<»*- 
"to lO 

to cu to to -*■-< 

to u 43 cu 

Cu :3 k- 4-* a-» 
U‘( 


r-a C"'i -«-* OP 

esa isa csd eu 

•W4 -tirt- -tfv to 
tf II u 0 


to «■ to to 


I'd Id ro m 


1-0 i.u>. i ‘0 f-rt 

r--> ,4.-* cs» -(M 
»■. *-« isii £o aa fa 
■> "O “»:»•» "K3 to- "ta 


fa 4.^ to t- w- k.« 

••-. to i® to to ta o o ca 

Oi aJ »« to . ««-« cx ca- o- ca. 

4U ca .a 

-t-* 14 tra** ••* ••> ** *« 

43 £0 fti tssa es> cEa 

« - .. cu -M tw cu iis» csa • 

.*^.4 t- tx. to tu- til ir> *“-1 “c 

cu O I’U * 0 c 

t- <•3'* k- £3. fc- t.i t: 


<a cu !‘o to Cu os 


<"0 "O '’O ”C3 -r-* ‘ 


*■ cu tjl 

O. It 

a> o cu 

to £X W. 


1 HfJ **» 4-* 
i ns I..-4 Id 

Cu 


•k"! Oi 14 -ex' cu 4*4 Ot- 
to rau II t., ex to o- ... — 

■“ - ■ ■“ tu o cu o £u -r** 

.to o- ca, to o 


to 

"O 

cu 



0 *( CO 

■. U to 


to 

to 

o 


■•ja 

at 


ms 

to • r-l XC 

0 to CU 1,4 

k4 CX-- * 

£W -o -ja 

ca to 1*0 —I 

•iSC 10 k.. c: - 

c: CO m 

01 D :> 43 -I 

4n:*-» -to* cn 

-to -fa to c: 

to *— • cu •— • 

UK cu JC fc- "ca 

Cu > to- O C- 

"o to ca o 

Id O «• i-» 

ai t.t to oi u 

w-. cu CSJ 

«•<- to 

eu o —I to s>-*. 

to 03 Ol CO 

• to to > to to 

-H Cu 1-to to 

to ..o cu **a Id 

£3 ^ I— I 3!»- ca 
4... to 4a i-to 
nj >. 4 - CO 
ca -tst 


at 


I 


cx 

CO 

D. 


O 

OD, 


-to 4= c3 O to- 


Cii 

1® 

AS 


-f-i C3 4a 

. to -v-i ri- 
se •--. 

4a k- 
^.4 to CO 
to CO > 

a ta 


ca- 


cu 


at 43 
"O 43 .+-< 

cu -i-J 


»ti 

k- 

fO 

cu 

.jc: 


O 

CU 

CP 


CD to 

s cr o- 

J .^4 -t-' 


to >- 
O "O 
t CO 

m cu 


(tta 44 nntoito 
geft ra i-x-i CO 
'ta "o 
II Ito I 

*«. ;s<c O ?■? 

-o m — I 


00 CM iP ' to ■ 


'■ o ™. 

ii 

• *4 ■ cjn 

cx K -xa 
01 
43 


<Xl 

S’to 


44 3:3 
to CU "O 
ca--to -- 


cu 


CO 


to 

o- 

cu to 

lit U» Ck 

c: 4 -* 

cu r .3 


Co 0 - cu 

:>>■< 

:3 f— 

-M to 

ex. n ex 


0 cu 


cu cu JLf* 

cu 

to 45. 

-ca -•« 

to -w to 

k. 

. -1.4 


to 

to 

ut -sa * 

-M -to 

rxi 

"O 

r.« UI to 



Ol 

43 cO ca fo 

t-. 


tj 

f— 'B0 '-a- > 

CO 


0 


>■ 


to 




0 . 




o- 

BE 

at 


^ £D 
i I,.*. 


•tuay CO vD 

cu "ca to--" I 
to u Ml >‘0 


"to —I to *0 • 
• to to •— I ’>•<>* to • 
-^4 ca 4- 1 CO . 

to « to I’O 

to 0 ? to 44 44 

O CO 
tu *+4 "O Itj . 
CO t— « fo t--* <a 
»U .+4 lit -|4 u 

tx k- o- v- -•> 
Qj a m o—' 

' k.- ca- 1 ~ ta-t-' 


ex »» 

CO •• 


cx 

a' 

cu 


0 . 

1}.« 

cu 


'tD 
U'D 
C* ! 


•y C’M 

s «a 

-I Vk 


to -*4 
CO 


CO o 


"ca 

44 "ta 

—I ns t— » to 

44 IC ^ cu 44 to 

na -t.a P I! ex t- 
‘"'o u*":! CM o '"••-(4 

t-a O Ii?^'-v4 k, , 0-^2 

44 exo; 
to -o 
CD M- 

Cto.r”i ' 


cu 


4a 

o 


au 

o 


-O 

CU 


43 . 

CO 

;to 


"o un ••to' to -*4 
CO ea »« Q CO -®.. 

. cu 4jn. -ta " ■ 

to. 'll . '..lit laa 

S< •«>£-» 3< 

I— « r--. (» 

-XJ •— I to »•— » ■•• 

. r-« c: • r-i •**-•. »4 Q 
, '-M' CO '-^.4 ■ ' M-a.'c: 

■ to 'cs to ctf., to4-»' 

CM to «s to 44 to to 

4-1 ca ctj„, o ' 
■:»4 goi' U 44 - 0--44 ex, 

X3, :., CO 1-.4 .1*0 tto*', CO-— 

— a» 4J cu 44 Oi > 

. 44 '''C: exto tx to to-'o 

•;^aj CD cu O Cli Ojir 

to' '£^ t- Ck. to ex to 7‘i: 

co ' cu '• c: 

43 CU',' 


III. 17 



TD Cl* 3B 

CZ CZ 

roxa o -r^ au 

rtJ 5 mC c: 

#«-i .r-« Oi m •.«> 

Oi k. CL. di CU 

c: m >-ck wi 3 

cz > -M cu « o 

m k-. 

jc idj cu ^ ^ 

u jcz m: >-r-* Cl tz 

^ ^ ^ cu 

CU d-r-# SE «tJ 

r-* . >*. O JQ L- cy» 

4:3 6 <ti •»-» .f-' 

I'd cj •-< >^CL-a a» 

■ 1 u r-< •■a car 

i. cn at .4».> M cii 
ro Oi C3- d at 

> -o Lrt Ot Cu x: 

k- -c: «w -fr-' 

Ot a* o -»«t x: 

x: -i-t 3 - 

.w xa O lA un 

»t! no at 

>~ .-*0; • ., ■ 

XS krt OJ 

■' CD 


o ja on 


“O > 
fiu 


oj m..»« 

I X 3 k- Of 

ro x: Ot 3 Of k. 

U C3 O, O U CD 

• ^ ^ m m 

-o cr cu -*-• 

d .r-r tst .♦-> CD <ts k- 
CD x: «t o 
flu -o CU I — o u» 

^ k. dx: -t-» 

at 3 cw-M 3 • 

d xf -t-t « fo eaa 

d <n£ c: cuno csa 

(fts k..#-! k. CU crtn 

X Oj 

u Lit k. m It 

a<iMt lt< O COTh^ 

at oi m tx. 

X xt *4^ A Oktu no 

xrf S3 a CU c: 

x<* *0 O ill k. Its 
lit C£ "♦-» -r-. 

-0 cuno ui a« 5 » 
no »-Hi cuno *»-i cxoffl* 

Ot «tf lit CU CU 
k. :i" 3 in L- ri • 


Sro ! 

ai cr r 


kk< Oj O CU no xt 

m Gxm ifli Qj k. 

id Ot >« k. O irt CU 

> 4-* flu k- tu > 

JG’*-* ktxxr Ox I’d 

►— C3M-t X-» C3 -HI -»-* X 


c: "cj “o 

tj <fa la 
r-i CU • f-* 
Oj Oi t.„ 

t- xa tu cu 

••0 I'D 

xr.-i cu I'd 

LJ U» - 1 £ -H 


oi . its cr 


X X C 3 


Q 


no <B at H 
k. ox no 
k. la cr X 
ra m 

4 -* -•no 

QQ lU k. >< 
iCSB X o** CU CSk 
•— t fd > "ta 1*8 

-o ui cr cu 

kj -H '.Ml -tM 


CU 

X k, 
na m 


cu 

on 

CU 

■li-* 


X no 

CU O cu CU 

•X3 k. -+-• X — < 
CU . r-. ^ fd 

Lit 33 Ml kt 
3 0 “.^ O lA 
CU -H 

ut i- -a — 
— cu cxw-.* 
o in c: rr 
cu X o •#• 


er A3 


X 


. — -o Its kj cu 

X LJ .c.: 
o 01 ....,.^.,^^ 
a X o’l 39: 
k- I O LA V 4 -, 


lA 


Ok 


d cu at 9'* 

X X X lU lau 
X u I — r*is C33 


k- at 

cu X 

4 «J 


-« nj 
\ — . 

O, fts 


i'O -f-j 

cu 

O ' O’* 


at Oi 

X X 
4J X 


ns ^ 

X it> 

ns no 
'O u 

t-« X 

M- u n 

r—t 0 - 

X tssi 
Cu •Cf 
no ■ — 
cr X 

r« CO 


kl ti 
CIS ’■i< - 

« _ cu •*■ 
H ns no 
•;X. cr 

on rc 
Cti 


csk'-a lA 
rs i» X 
I CO fi3 ni 
-k.» “O f'-> 


ara 

laa 

urt 


i’, 

csa' =“« 

CD 

vr ,o"o 

J Cf ' 

j at 
X 


cu o 

O'! 

03 

O 


O Ok 

no 01 
cu 

.. .i« tTHi-Htaa 

' Ot ..-t -43 sai 03 

cm Ck— • i £3 a ‘^■. 

cu m X LA 161 

H-> 04 Ck ii a 

c: X 8 ® urs -- Ml 

^VCU^II « il 

-- -43 x*?? — a -- 

“ ^ ’‘■**' -+-* T-: *'** 

« o at k. g k- « 

^ ‘Civ A 8 o o a j 

lit CA >e ut lA *.*„ i,n n 

CD I 


CO 

<£ 

Cu 


C» 

CO ’ 


CO 

-.J 


CXCk 

o m 
r— on 


cu cu 

X at 

•;^cu 

X X 


• .no 
es O 
j na X 


» ' ii-l 

“a no •—•t 
ra i-o ui 
J Cu Cu Cu 

1 u. k- a 

■C il It —I 

-« — 1*0 


-"C 3 cu 

o 

cu ,^. .4 

lA ’*»'■ 

CU 


- 0 * cx 

t« CJ 
cu u » .— • 
at at *•+- 
cu fo C 3 - 

X CX* ."*' 


t» ca a cw «s m 


*a 


ca-i 


^-• 4 aai 
Cu'-' 
ra *— *1 

C 3 t • 


lA c: 

•* 

a 0 X 4 ^ 

> cr <v 

: X 


■;;sa 

at 


J C5» U 0 ,11.,.., - 

: -O.-'s X 

cx. 3 r 

> ffli a «u 

* a ot U x: 

a *•'-‘0 

’ "S^*- 

M CSk- 

»; cr fo ^:x 

•-:j,^. 3 n sc 


"S ta- 

d a 
cu *: 3 t 


03 

■<c 

Cj- 

U ’3 

CD 

03 


CU 


III. 18 




Oi 

O-^ 


fa 

D» 






LIST1H8 OF ST2Bg5.PAS 





iS6 OF SENERfiTE.PAS Page 1 


("0 

o 


as 

u jcz 


s^'4 

O- 

iz fu 

»•-, CU -M 

xz 

3 « H 
Oj 


ai 

m 


cu 

Ul 

OJ 


Ull lu 

O C cn 
c: 


«i-.' lit • i<^ 
i... 

•-.l- . ^ wU 


£Ji ^ U- iSt. O- 


S.rt U « 


. i»t H 

ti «•> 

. (r%» 

I £X 


Oj n-' Cx 

-t J » !.^ • »■• 

n Hf-» < iix-*> 

a* 3 m; -Vm« * CX. 

^ CU ?< awi: «2 

« OJ! CU tX 04 

cu - c: :3 iiB -M 

c: ••: a X a* — ■ 

* cx.'-: -H' LiJ 

i- ast o- u u ut 

tr-l 04 « .« aa Q 

0*X>) 04 Oi aM CX. 


; cr»^ 
> .04 

-a 


.+-4 c: uri , 

O 


”0 0'<. 
c: a» 04 
%v in -o 


ex. £X 
iX lia 
£U Oj • 


a: cro 


. CU 04 

3 on: -so 

j •— - 


•a*. O 
04 

^ -O 


IH! ‘’iJJ 
X “ca c: r 


O Ht lit cu 

-l-JI ! 0 I'fl . ..r- 

to «tO .O -a-4 

£Z O O :3 

XI .--.a C» 
i.j„ iU3 i:r4 Or: 


>~-ra :S 
1^0 ut 
y< Cb 04 

-'a- l._ 

•;»*» o 

3"< i'*'"* • .an 

o » 


.a a a 
ea £U O 

04 U- Ol 
..kO « ••k.e’: 

..(■j 

m 

iss r;^*— « 


o 04 *'0 -4-4 —a 


cu o . <-* -’-J c: *■ 

cx ert'"-' .+-* • 

Oj CO i;- 


Oj 

enrr 

<■0 


D„ 


OO 

UJ 

zic 


C3 


o 

fix 

04 


fiu b 


w 

£b 

£= 


<U 
04 -CO 
to -I-I 


» 

'C 


O 


O-M o o 

H- Mt acatt 


e- 


CU CU "C3 
O O.-'-^ 


-fi3 

“fia a £U 
fiU “C3 III 
ot i”3 r;,-» 

:a a: 

lit 

l it lit Oj 
—a cr 

1*13 rts . 
Xtt -CO -■'•.* 
: O iTj :» 


-ca 


, fiJD i! 


O 

-r-* 


01. 

n-j 


Oi 


cu - 

t.. CU LJ 

.•0 o: , 

a -k- a ro 

— jO 3CE ca- 


'O 


-t a .'B ■ — t 

>,,4 ,.Cl xa 

40 o ra x-a 

a- .a —I O 


—a 10 

-a m 
C'-i ai 

■O-k-'i 

m a 
■GJ O' 

-*-j jta 

ex 04 
m CO 
OI o 


. 04 ex so sa 

Jig -kW cw 
04 Cb 1^-+-*- 
-0 -a-f '•T!'* 


j -o 
G. . 

cu - 


X 

LxJt 

CO 

Li- 


- 

;';3 )• 


u 

-* iu 

*1fc • wJkmtfi 

L,4- 

36 

a u- m 
-« :j! cu iu 
a o -M 

a •■4- 451 ui 

LI ict; -v-i MJ 
- j;:: re 

-» £x«:j' 5 
«5g C3 

5!^ t.jSc 


Wi 


— >< . es 
^ OJ 

x; 
c: ^ 
I 


a. 

a 


ta 

c 


js: Qt 
-M c: 


£3 

”♦4' « #w4 

we- ci 

-»» w 

c: !! Oi 


ex.’ 

0 


,il 


I V.. 


44 ^ ' »0 

jauH- 

to .#«» 


c^ 44 ■ -o 

•2jLe£t>4-. 

-.^Ttw-a 
' '«ai ' 


•r>4 

>» cx.Q^ae ajt*o 

c as 


sri 

<w in 

"iS-w 


as rsi 
c: -M 

*. LO 

.t-C -w 
OJ f!Ji 


S r* 

b» 
c; -M 

• r-i !( 
tst* *- 
OI 'O ^ 
_4PI OJ 
Ta B44 
c; oi cu os 
Ci ert “ O- 

CU Ci 
Oi-CJi i- 


ICSU 

m m 

Cu 44 

in 


u~i 

U~3 


as 

iji 

Q 


44 .:li 
.r-4 v-ji^cr; 
3r. l’;*: -».4 

o*«r-'''4- 

! C-t.- Cl 


*0 -tiJ — 1 O" £U Hi 

<*»( t.4 i_ '«! eu ic: 

cii a r: ».„ o o 

Oa <•0 -4- 43 : M- 3KS 3S2 


Lu-ia ui 
trt a :» 
:rr iS 

(lH 

irt u't cu 
44 c: 
-ij * 0 

-a 44 
o o :a 

4Hlr— O 

CO «'.5C 


U"i.r^ 
UO — 


1 - w 

-« tft as 
-» « t t'i 

I'U 

ro in ca 

!«. O' 

fa *■:« 


'laD 

ii 


-O' 

■§ 


tu 54 
-*-4 O 


% tu •> 
H 5?.* 


. .*31 m 

..w in 1- o -r* Oi 

, 4 . gi gp,B £,r.-t2 1 ^ 

, In -« Os^n 


t( 


CU ■*"* 
. H ££' e: ••‘tj 
. *44 O . ^ 


Cf5 

<C 

^Cu 


Ui 

ac 

iXJ 

to 


k.- as 

Os 4(S 
til 44 

c: 

O 


Oi 

x: TO "o 
-H e: os 
iu .44 

c ^ m 

.44 Os M 


£3 '£:)( 
in oi iz 
fti 

■•♦— iT 

c: lu 

O fu cr. .—n 

, 4 ,^ . CJJ 

ilN tIU 44 
O -M 4:3 
a. t/i -+4 tr 

W»(4» 

(u .'o 

at *4- 1 ^ . 4 — 

-14 ai cr. 

cu in • .— 


01 

X3' 

Cl 


cu 
' -C5 


CJ 

c 

cu 


o. 

<* 

a-» 

«ti 

->4 

trt 


o 

c 


a 

w C8 -•-. 

If :3 


s-c ll ■-• >< 
>t tXi »«■ -> CV 
0-4 sr £u It 


Cu 

k.. 

Oi 

jC 

]W 


e'-.'TSa 
wi', .rat 

. cu 


fa 

«l Cl -*4 

=3 t ( la 
iC »« ll 
» „ k-„ — a 
•« o -M ‘* 4 - 

'its-.*.* IHC d 
Si .»« Cl#'**-* 
c, ftau'd ■« 


i» .i-* <. • < -K ■ 4-» 

>•'— ’.-O"© o k- 

Ai ac ■M- M- ‘■4- ^ rti 
'ct. 'Si. e ■ d 'd 4M 
tS .(S *4-» *-4 **-f , *11'. 


TO m 
••.m 23 
CU .£S 
e !! 

" ..!r Si • 


m— * k-' » 

CkO 3* cr 


— 00 

3C M*. M- •* 

Os c: cs 


w O 
II '4- 
*>* CS 


*t: ck-i-^ 

-ca irt 


a •‘cs 'o 


r. ...- J< *«4!-. ....< 

- w cr *--•> I! 

-*■ rr cr •— •r'H •u 

»''X3 's .r-* 04 5.S 

-..csa 1-0 -r-* ll 5< Oi 

- ji* CP ll »>• 04 cr 

- »• ■••-*-" O I*. < 

(?B x: .<4 O '— 

■M S3 O CU 1- O 

3 cr ‘"I- cr o-d'ro 


cu S3 I- cu I’i; 


: 5^ 

^ "o 'ir 

cr 

CM 


01 

-1.4 

£0 


OJ 

CU 


-C3 * £p 

Cm “S3 lO 
in Q ;;i 
t'a iss ■ 
c in 

o ui i.n £0 

. ^ 4-4 d 

.•J.J <TI «'l3-r- 

V.J xa .X3 -v-i 

vr o o S3 
ru .*—4 o 
l/-. CJD <*jo cxr 


;3 cn k- 

cr ctj 0.4 

i-».4 Ck 


Oi 

ki 

x; 

at «■-. 
it on 

.» II 
-**. 5< «* 

£11 «4. « 

in ra 

w 0’»« ■' 

£0 in 


m o' 




1 ,. Oi 1 
w4 -i*.j cu n 

- cx _ cu oJ>, 

Ui m 

01 w o 

3C c 


>ft cu 
. k- 

,■>«. 

, X ■ 

t:i. o t , 

na -i,j 1 ™™# , 

Si * 


-r 


.IP 2»fc 


.' 0*3 
<C' 

:ix. 

Uj 
. '1^ 
<x. 

'. Cd 

'. .ku .. 


CP' 



. UA CO : 

' -IT ' 

! CTi 3* XS •«*- 23 I 


i> £U .*-4 ->-i . 

• « 23 '••■' ♦•-. 

c: a .-d 

•»-< ;3 fd Oi 

O*' CS > iO m 


t-o M ■:; — 2: :d 

O UA OI C 

'f* liS M» CU ^ £U It 

«a 23 c 23 -K-J :a -- 

:d , iW 

C2 m fS-«^ **0 23 

ti -s fu :►• jiz o’l cz o 

*. o -M X3 u CU P 

• Q i£ni*~i-.^ m -ta CU 

CU .21 cr t- CU 

:!c; u -r-* 


o CU u l-s ‘• 

-4- (Z O- Cjj 
' C2 _ « • C < 

o b •>; " 

2: M- 04-. ••4- '■ 

CU iT £2 CU 


fc- < 

CS C3 O •’'“■• -V-J 
s4- ji* a-t 


*4- £SJ W 

cy»cu 

03 £3 44> 

'JS «s c 

-M *«S ‘(““I 


••0 C3r» W3 
CU £2 "VJ 

Am. • r-< m Urt iU 
I.M ' C2 fZm Cm 

ca -M £3 a o 
t-"- 32 ,u sr 


4^,433 

S ‘t UJ 


nJ ult £2 

*.4- ^ cue'- 

ll wc: 

isa « ■ # •>■ 

£2 Ctt 

jC 2 **-*• 'CO “^-4 
t.J **114 »/» 

mos u 

C 0Jt-«-Cx. 

OJ I3A .4 m. -►J 


-o » Oi 
CU -O to 

u3 o :a 
=3 m 


LISTISG OF SENEfiATE.PAS Pap ' L1ST1N6 OF BENERftTE. 


<ai oi j 
*+-* XJ' 


a: 2c 
ess .-s--. 
ac 

**0 P-O -43 • 


I.J -p-» — V3 £li 

,;-,4 .-— ^*ri ,/j ^j, 

»-"o 33 ••; ai • ai 

-- “I fu irt — * o js: 

o III lU «i» o -c: -♦■ 4 

■> - 1 ™ -^.4 . ^4 LJ 


-« tM I 
i 3 JI ^v^.i 

Cl- Oh *-4- 


1-1 3 *f S-C J-J ■•!■« . 

u> o a a o ' 

W-. -|,.| ,+.1 -f-t -|.-I .' 

Cl Cl O D 

'• tj o*! oi cjn eaVi 


L ! ST 1 H 6 OF GENERbTE. 









Si|3N39 JO SflliSn SW3iW3»3g ; 





CLS "O 
■ qj 


t.. o 

,WMt O 

o cr* • 


a: *»•. 
^->r'’aj 

ter »+-» 
nT^ 
•H-tX 
•‘-t » 

•JO 

u. 

o 

x: 

O O 

-*-» tj 
Ot -4^ 
cy» 5WC 

iu 


X 1^. .4^ Qi -*-J 

cu 01 ai -r-t 
-i-» > -C3 JCS xs 
— 03 
)C/» 

Oil 




ou • 


i3 Its 

-4^ Ci.. 

a wft 

O' 

tj "ca 

tv. tlj 

au -w X- 

*40 « o « 

ns "«-» o o* 

30 wiax i.. 


» £ 


“O 36 

Zs, tqr ^ nr 

o nr c-j C‘4 i*N4 — 

I^C-^ •>— t 

<Sf« <J0 •.jO •»,. 

,M r^*> ro »w r-- 

ij, "*»«• -w' 

m >« 

03S X X s*a 'S* X 

-M'O a o o a. 


Oi 

"C3 

o 

fli 

'g 

O) 


o 

4-. 

Ou 


a Xi - 
3 O 

3cd »: 


“O 

“CJ 

m 


xs -wi 


.XU 

••"<0 »x ,1..; -■< iX 

»»*■ *’•***»# • ^#11 

~— ■ -63 

OI 2* 

-W -4~* S3J • »•-< -*■•■» 6J 

. cx fc.. .+ J 

£= U 


•.cu oa 

M,.i u 

n oi 


•• U,, -V-* 
3» k, 
J’O - 


3: «'c O'* X 

.»-rf. ,4^ lA #«-, 

-<.14 (n »;b 

-63 r. CZ 

■-■ ■-' -*-• •■D • .-* 
CU -^.r, u*» . 


I 4.„ -- Oi '!» 

* .'ic csi -t'x «■» • ^ 

3 »«.. :> cz “i;3i 

u Its . —» Oi 

is fc„ .*^.-0 III cu 

O <’fl i*U LU I.l‘l LSI 

:ti -...-. 

- trt 4_ I’a •"« m 

trt M - •• 


oj m 


u 


31 It 


. -p O "C3 “O 
P cx OI c: cu £u 
its in > > 

cu . ^ ns 'v{- ns iis 

su- -o in ‘v^ vrt in 

cx cs o c; cx c: 

OI O’* O'* O’* O* O’* 
CU o 111 p p iu 
,a XJ xa .AO JO xa 


sc V- 


O JC • 


lU P Jl “O 

qj ->j 4 1, oi 

*"’• uj c.- L ♦•« 

O'* Ift X O. Ml 


«•. o ca 03 cuf ► 

-lO r. *•. ••. «. c, 

jia .ex •- f . »•. 


•AJ t3 Ol •■ 

•'o ra in 
tu j;u I'c 
9-1. 


-ta 

c: 4—4 

cu - 

.4-J 

c:. 


£14 •4-h 
‘-S’* k- 
ra rx 
in t'a 


p 

P 

lx 


oa 

...-i 


O £V« 
X- X-* 
tj •— ( 

CU O 


■;* u”! ex 
iX "’*”*2 .• 


tfir i:'-^ 

c-,! .•. 

O' 

UP UP 


O 

*ts 

OS 


i’X £y -M 
t iil X 

.X ■•tl P 


CS^XJ! 

» Ou — • 

JO 


31 Cm 
JS •—» 
3 x.-* it 

a «• 
t IP'-X* 
-t P 

»jn 


ts 1VX4 
tu OI * 
o* lit on 
m 


t m k 

i* 3 
» •X- p- 'r* # 


*o 


es 

« 

£S 


£S 

v.« 

CX 


£U 
* 4 .. O 

‘is 

“iJ £U 

X P 

i.j 't,r> 


'o ' -“i k. 
iu 9'3C 


3il “£-3 
P 
P 


to -- 

r-...H, CU 
-.4 O’* O 4 •^• 

•'ll I’u o cx. 


9 p-o c: CU in -r-* 


— i,. CM iU *’!? 

'■p’l-. i ric h- k.. ij 


, k- CU X o 


-*■-* p 

p can 

OI *»% tm » 


OI •• *•• ' 

— * Cti CU 


:r PJ »*--« 
.•j;?- "tj- •'er 


- o n 3 a„ 

t***» tH4|4«»t •4*<tS 

o o o P 
„•, ''.T* <sn isn ot o’l 
■as , 

X 


esa 

<c 

a- 


*x 

CP 

04 

OX 


c:j- 

iXi 



• :r " r ^ <u • 

JiH UyC.-^ CZ<- 

CM V- “<.3 -C3 c u. W cr» 

-- — Cl Oi -srf 

‘ -•■•-CI-C3JC: w t- un 

"o m » «~* luTi 

?•••> -si- tn c: 4^ H -« crtz-tf 
CU »* uJ ^ 

1.1.4 "CSl 


x: ‘^sTflu u -o 

tj »iu « iv 

«o a» irt 


. M .‘O *’0 -ir-l 

(.-I ,C3 

cr C) o :'J 


u <53 c: < ^-» *ti «8 If r-o 
u •““ II ic: »•> » cx. 

«» »• It 11 t*ii a o- 

#* U *0, <- ts ■ 
U "C3 V« .■+-» 04 lA »*1«> O £0 ‘ I- 

C Oj -w ‘*0 j.rt cz Jw cx-ca sllfi • 

..c: 04 -fj /« 

CT' J.J tfl, — . -o ui v- 


MERAIE.rAS ^“§6 23 liSTINS OF BEtlERftTE.PAS 


itllftttllftitttttttttitlitttitlllitttttttlltlltllitttttllittffttititfllltitt) for indBt*,- I te hl-ti-U do wiW 

ft 

it SUFERiO«IC CONDUCTiyiTf MTft ANALYSIS t) for indki= iyl^U to lY2-i) do 


•tt c;i 

•w -o o 
«T* c; -►.J 
Id ro 


c-< 

^ -v cu >« 

X X *4-**^ 
CU 131 

TO-O |« O 

fis «: 


lA ITS 

a> cu oj 
-c: a-o 

»~J V, 

>*D 

•X» 5*» O tU 
«t» - C, 

CU £= -O O 

cb: *•+-•-£= ars 


o e= *•« 
Im. fd -o 
w- Ci 

w o 

:e: 


>%. >» --t X «•* -"H 

C5 X X X £U --« ?< 

^1 . 'C3 O ,,*17*'"'’** *TCS "■**' 

-**<1 ^ >-. c: >- 
OW O O £ X*iM 0l X 

o cT»crtw o ^ p 


— » C -4 tf'J 

cr» cr> cn 

m trt ui 

m m m 


k- or*"® -+-* • 

O cu c: o 

d cu O’* 3* 


p k> 

-o It* 

O canooi 
ac imo^ 


oj p a*^- 
u cr* fo 

P k_ 
O 4 m* x 


irt irt “f-k lA 
in >- 
lit to ;pM. it\ •• 


i-*.d >- 
na 

U. ot u 


Oi .r-« — , 5C „ 
•X3 .tS £il O 
P Ct. C "O 
cu ns k- P • 

t- P > -'ll 
.4»* isy»jx JET 


r4 o li 
*.->-* p - 
CD U ifflf- 


P X. s-c 

u. m ^ a 

p-a c:^ 

“O c • o 

p . cn Oft 

O. k- -JQ 



i=:3 

UJl 

1 : 1 :: 


ca 

UJ 

as 


01 

CT' 

a- 


cm ■' 

t 

C £3 r--i C 


» -S 

•<Mi 

■t-. -« P. 

ae-o 


c: 

Oi 

JC 


r.“ s^- 

: jp 




1 0.8^1 

at iAua 


c: 1 

'crt'o 


tu .. 


in'xs 

cu 5 = 


-o cp 

£S 


sr„. 


I ftj ^ 


C3*» 


CJ« <P 
^ .. 
<X tjft 


*'0 P Mil -T' ^ ..jMd ham • 

Ol Ml II p C-l '-J., 

(w eu . <**1 • • ca**.*"'' p* 

k, k-i-w o ••%«»-* «aj 

.-•> o p-'OE o 

I i.~4 04 a: ffl .^i. 

*-« -Q 04 “Q . J-* 


•xi 

c -•« 

at TO 


HW-f 

in 

cw 

h CZ JZH 

-p 




0 

c.,:!i 0 




c: 

CwJ 0“» 





0 





ca r-.-» —MI 




Oi 





Im. 

CD 




£X 

SEC 




ki.. 





04 

►— 



Ol 

-M 

H— • 




0 

0 



04 ..t 


— J 


It 

m M*- 

08 

o«. 

CJ*> 


IV M»4 

.4J 


*ix 


kjl 09 

Its 

CtS 

CL. 


"O 

x* 

CD 





U. 

U4 

"CJ *-0 

0 04 

04 


64^1 


.„■■ lUt 

w. 

<c 

>- 

CU -ica 

^ V.- 0 

a 

H- 



c: 

■X3 

•CC 

i«X 


«u u 

01 

CSl 

X 



U 


<c 


-0 CO 

0 

►— 



CS CO 

U 

OS 

U- 


04 •**•» 

cx 

U.4 

0 


“O 


Sc 

CD 


cs 

te 

0 

as 


04 


0 






1 — 



a; 


C4l 








0 


-J 


s 

-c: 


m 

i» 


C5r» 


S’’ 

X4 


Ufl 
Of 
a 

^ <r .. 

*S’*'cr 

ir'?S 04 

0# JO 


-* CP 
- CO 
ir'«4 


04 •- 


ro •' 


It 


' 0’»^'0 
.04 

, .0 


JP 


“O ,1 


P 1*0 m 
krt 04 
P'*-o TO 


0*i-M 
CU 04 

u» „o 


CO 

■Td"c < 0 “ 


m-p 

Ca t— 


0 

01 


O 

fl 


CS9 CU ’ W*- 

c n ^ cjTfZ. 


*0 ^ 
m a 

04 tn ^ -r- 
u. 04 c: 

O XT' 

I tu 

“ JZt 


« * 


Ot '> 
tf ' 

k- o*- 

3r Or ' 


.133 C 

' “71 

: .r'-S 04 


“ gr^:: 

- JO 


II Ct r-. — 

ou-'-' u. cr*’^ -cz-ci 
O 09> Q U4 c TS 

- .1: CU -O 


“O 

c 

04 


04 ■#-< 


•»x 

X 


ir> ifv 


Uf» « 
k* 111 

a u 

-M 

u cu 

Ol JCZ 
lUfl -M 


in m 
a -t-f 

o c. 


t*N4 

■*»», 

Cl. 


» 

<10 <4w< 

U. W 


c«4 c*< r*i 

-XcnfW' 


<*« m <TS 
-a Ta "O 
II it if 


* c«i p^. 

>- ji-tOr 


,cxrvi j f-. •* 


-.CM O O CM 

I >"V 111'' '(u >« 

I I fc- i„-o 


CN 

o 


u u vj 


•-^CMrOCM u tJ 

.^,.#.1 .r-* >1^ 

*«4 *..«« ta •««. . — . Q 
jO^ -O »iKi * 1*0 

^ CM CM CS 
cn 'Ot '£30 >** <■*£» 

m m m I I 


«>c 

<if 


« rti cd -w .-M 


O 8t| 

frT. 

CM 11 


in in in 
"o Tca "o 
» « n It 


00 <18 00 >- >-. 5**« >- 
"O -O ’d it >t M -O 
)| II It o o -*^- 


c.T; , 

''oi te I 

m 

JO: 


H 

» U • 
& 


ro CM CM 
M 
t 

CM CM r''Ji 
5< >•■ >• 

M- 

I .m-4 cm 
I t ;>“H 

CM 11 H 

dS i> • ■■ « 

CM 
U U 


<»-* Cm 

1^M IJ -r. 

«5f 5< 

•::-M ■+■ 

t-i dS CO. 

_>>■ t Its. 

i u a- CM Cm* 


*— * -*“* c: 

• i« (z Si 
» CU a 


na CM CM ui 5< II 


cx 


c: cz 

cu cu 

U iU 


cu cy 

tj ij 


ti 


. gx. 

. jto 


^ ,\,j a 

cz a •* 

(u oi ea» 

U tU CX"”-*- ■«- 

J« >., 

O-kOI 
Uis ^ ^ 


5r;‘ 


•n k* 

M- IJ 
Cu^-i 
•M-- ro 

*«-* irt 
UZ 'O 

.—I M- 

Ol CL. 

ffl fc.*., 

I...U 
<■0 jOt 
-ca ..-4 
M- lam.-. 
r—i 00 . 1 — 
..... ^ ... 

* ■, od 

■— < -o ac 

J M- r,. 
jra o-n o-n 
LJ > CM Cli 
00 k., 

O L.i 

k.. L...* i W. 
o- 00 0-. at 
cuin > - 
oia -ra i.. . 


«is-ia O 
-O Oi 
— car. -«•. 
Oi It 00 cu 


U <» >- Hi 

. u ' cn c: 

C- CUCM.^ o 


J CM .. 

*■. n>p~t m 

J CM . 


CU M.- 

x: cr 

..vM CU 


>« >. 


a n 


ca . - . - __ 

OI O O 

-k-* .V. CM 

.O O 

O O'* on .M oi o 

Cu . 1.% - I... .^-4 u 

i... — ...... rQ... - 


3» 


it 


U’J 

O 


esa - 

it c 


, M- 


Oi 

“O 

o 

lU cu 

CJC »t~J 

Cu '-I- 

x: a 


<x 

li -«4aT 
,, CM 
<C. U“3 
» w-M'-M O 


o a* 


m 


3* cu cu ai tx *1. ro 

o -+-* H.-' -W CD •< - cu 

.4..J . rw . . .-4 .4»J •» CaULM- 

o i_ 1. in. o csa cu 

O'* 3B at at o'H.~4 i_ 


W..J v,.4 lOD •;-«» 

It U- >..>,11 II 4».» •■.. 

V « ' 5< X » k ■• « “ **■ U • ,.»» .v«-i 

«“*'( <?*' O'* otoa •■"« 'ta lu ij ^ 

01 o ro -« a 

-O ■ m II ....H 

DSf .,M U- ® 

O O 

Si M- 


“O 

ctT 

cu 

"O 


o a 

x-i 

-O TD 


in cs 

Q-r~i 

lu in 

m m 
xa jO' 
ro ro 


0 ‘ 

ro • 


ro .O 

•ra 

o'< 
O ro 

.4-* -fU 

kfu ro 

ro “O 

i- •— ■ 

r-.. 

ra GO 

ZZ tsl 
cmaa 
o csa 

7r Tr 

#»«i ,—if 
CM — • 


.#.4 CU 
•xi. m 
o p 
m 

m 

m cu 

4*4 c: 
na.44 
JQ 

.2§ 

CDcr: 


Ol 

cn •«»v 

C “ 


-o 

e 

cu 


cu 

-CD 

o 


1-4 CJ*"0 “O 


cu 

u-a 


a ^ 

1 t 01 

cs x» 

•:»*4 Sl- 

m.-4 

Oi 


Cn>.4« 
CU 01 

in -o 


o 






in 


in 

jCt 






k. 



4« 






w 


p 

Ita. 


44. 




-w 




cs 





Of 


*s 

CU 

Cu 





m 


Ok 


cu 





ro 


-o 

Ik. 

» 





k. 



ro 






•■0 



> 

cu 





o. 



kk. 

XU 







cu 







Oj 


-cs 

ro 








■ 

CU 

k. 





IJ 



> 

IJ 





k. 


-o 









p 

U 

o 





IJ 


•*0 

>- 

c: 














cu 


4** 

M 

cu 





-c: 


ul 

a<. 

> 





4J 


ro 


i- 








u. 

S3 





4.4 




U 





Oi 


-V J 

k» 

in 





or* 


um 

ra 

M 







'i— 

>• 

CD CS 








»k*. 






— 


•4— 

k. 

DC O 





ro 



CU 

ex. 





P 


P 

CD*. 

T3 





l- 


j:s 

CU 

c: 4—* 





P 


-va 


ro .O 





kW 



tz 

c: 





p 




CU -44 






-4 ro 

P 








ra cu 

cm 

> 

4-* 





O 

Ol k- 



K -CD 





•k* 

•4. k. 


LU 

CU c: 



ro 



k-i *4- 



tj ro 



414. *V. Cu 


k- 

, .4, na f'D CD 


o- 




4—1 4— < k. 



k. CU r**.. 



cu 4-4 

no 


*13 rd 


kJU 

cu L- 4J«— 1 



-CS ro 

in 


ill CU 


OS 

cm — r.’D CM 


cx. 


-o 


k- k- CD 



cu CM sc * 

CM 


-+4 





C,3 

4.J m » 



■xa -4-. 

xa 


>4- k- JSI l““» 


CS3 

cz -O '-44 


F— 

c: cs 



O P -M.-M 


o 





cri p 


cm *11 • 



4 4. »■ 4i 4, >, 

M- 

U- 


ro CU CS 

oo 

r— » cu k- * 


>k 

ro •m;*m m 

O- 

oc 

CU -k4 cs o 

isd 

U-l 4-* P k-4 


kp 

cu • n4 CM S< k- 

C3k 


P xz 

ra OS£C 


CM C'44 *4. 



or* 4. u — kk 


cx 

I-— -L.< -o »s 

CN 

-.44 )«6U1 »«.. 


-o 

cucsi >-4-4 ro 

•CUM 

o 




k 4. kkCM P 4-S 


QJ 

4-1 . -4 4. 4 - 

•4- ca- 

o 


»k 4« -O 

esa 

k-4 2#k, . ro V-. 


in 

es 4-k44 4-i-> 

ll o- 



-0-C3 P 

tao 

t— * •* Cn • Oj ro 


p 

•44 U P 

4» SM-. 

cu 


CU CU tfi 

cast 

>Sk4-* kk4 4.4 XZ 

t — 


UK .44 >-. 3< OJI 

CX-4- 

v- 


in.r4 S3 

CM 

fo 4. 44-4 O U 

3e 

o 

•44 4. 14. —.IJ 

. Ck— 

S3 


ra *4- 


fc-, w >c >*•• O •» 

LU 

4N.I 

*4. C3J>4 CM >‘. 

,-.4-. lai 

-CD 

p 

• 44 in 

QQ 

k- -cnro-o >,. 

CD 


CM ' Ck kJ <4. 

p 

CU 

o 

in -o 01 


ro k- .44 kk •>•4-4 

h— 

Cu 

C3-*4-. x -a -v-* 

p- a 

u 


4-4 o cs 


*•01 4,1. kk ^O- 

LU 

£Z 

« ' >4. -* .4. p 

•44 o 

CD 

X* 

ro ffit.-* 

csa 

4-1 4-J -M rO CU k- 

CD 


ca- 1 — * cu 

n k. 

K. 

u 

-CD 4** 

(S» 

-O C 4, *k -S kS 


4J 

Ck Ok kJ u 

_ — I* 


p 

O P 

k44 

4. SS M >k. CO 4— . 

CU 

S3 

M .44 x ta ?< 

k. Ck 41., 


p 

4-4 a 


O U t< c O, 

k-' 

CD 



.1>- 

Uk. 

m oc 

—4 

i-. u rt£ am Q k. 

50' 

k. 

'k. ' ' ' ' 


ro 



P 


-o 


ro 

lU 




jca 

u 

Ol 

' -t* 


-O .' 

' u«. 



ro 

ro 

M 








> 

o 





A*M. 




kk 

4m». 



O 

•••*- 




'Pk 

— , 




IISTIHB OF ANALYSE. PAS Page 5 LISTING OF ANALYSE. PAS Page 6 








NG OF AHhLYSE.PAS •"'aoe ? LISTING OF hHku 



m 

S3. 


TO ffir® 



atXa 

O 

is 

>cn 



-♦-» 

55 

|M« 

O'* 

o 

««• m 

TO 


X 

cyi 

CM >*« 


M 

TO 



>- 

m 

TO 


•TO-C-I 

•«»# 

m. 

Si».. 

cu 

.J /1 

to 

>- 

'•M 

m 




r-Of 


—* . 

m 

ro 

CO 

TO 


O C 
S 3 
«*• O 
w 
■«. 

Cinixa 

K r—t 

SS” 

X «r« 

..»# « 

K 

(!>•-«»>#■ 
WIC-4 
• ■•ler 
r'-. ■w. 

-a r^' 

1^ 

ig 

C2> fc- 


11*3 

m 


CM #<i^ 


CM *.• 

at 

-o •#*< 

. e w ' 

& * 

k* «■ 


& 

s 


W ^ t 

>>%|W 5»fc' 5»^ 'SmrL.'-m 

g-£ § “S S S J! 

C3 ,k- O' fc- O O. 1 

C3i^»: crt "O or(cr*a 


u •w 

-- fH. ir^ 

■at '— '■•«^ cx. 
!s»"« 5i^>» 

« 3« M at 

m o o ^ 

f<l •4«t hM 
lu O O 
-o O'* cr* 3K 


cr»x3 

>ir 

*'o ar< 
tt X 
re 

tMl- tt 
l“•^ >•• 

-ttl* 

« ro 

J-*s. c-t 
■w -jO 
“O • 

G vsa 
•sa 

O 'O 
»>- c 

3 


at 


■^ met .«r. 

lu. ?«•- — - 

O'*-'-— C3. 

ul X K Ol 
*00^ 
ta ^ ^ 


-O cr» 
Xk 


S' 

‘‘X* 


■ •s. ^ 
■O £3^ 

'S= Ot 
Ol *0 


0^.0 

c» 


• hV-O 

r-T’ 


o 


lat 

o 

c: 


-M «i o c: 


“o -o “«:3 
at Of at 

in ,rw m 
S3 Nt- 3 
O 

o m *0 ot 
o o 

-k-j TO sa . r-^ 


a a 
ot cu 


...... Oi 

•icr r'l^ > 
CM CM I- 


ro o 
^.ai 


^ !jj: t-s O I® -w4 

ct o o laj o M--. 

■ -M • .«i O- i:srM.<t 

O'* o o u. cs „ 

at or» o*» 3«: 1*- S3 
.o 


Oi at 
liS c: c: 
3 0 0 
c: SK SK 


•'O -O Oi 
ill Oi u1 

trt . ^ 3 

, 3 ‘-I- 


a uTt “o Oi 

•.f-*.i~-i Q c: 
-M TO 


02 O 
S3 ^ 
U«. <J3 


S 

•SO 


Of 

O 


XS' '•- 
'O'w 


o 

•UTf 


-O 

Oi 


at 

vn 

ift 

cu 


‘;t "XSt*^ 

ft e o. 
at cs 


-- 

. o.. TO c; oi 

m at at 

3 «— CU k„ 

'O .S»- k- U 
o - -s jcx ij in 
at. sc 'O u3 -w 
cu <X M '!• IJI 
k-cx-o TO at 

« IJ » 1- .04 

C in w TO Cu 

“ta j:s ut irt 


•ts Cu 

g g- 


X3 

CS 

cu 


o 
» c: 

J CJ 
SIK 


: «o 

4 1.0 

., ao 


xa - 

ijt . k* 

O--' cu 

—4 V,.. 0‘* 

- cu TO CU 
-XJ £U -l-’ 
CU o....^ O 
C3*i CSE LU .-w 
CU -« 


-O 

<--* JC 

o> o 

!.»•. Oi -•.‘.“O 

-o -•«<- c: 

r*- o u-S -.r-. 

ea CM 3C 


o- 


isL-xa . cu »■>'( 


ert 

L'U 


O* 

■‘-. tjm tj 'vO — . 

— Ot C3S CU — • tU 

U. u. ••t- lu. S3 O 

TO KSa CU — - m -O 
OI 'O *S Ut cu -k-f 

— t tj «2» U «t 

U Cu U •- 3 

-,.. iJfCUCMOO C 

o -- •■«' -- 

■ ^ -ca •X3 TO O- <3n o 

Oj «--* -J- cu -w 

•*<■* -o i« TO .C5- "ca 

a o O C3 'ts O *“• 

as as 3R •■. , i5B .u 

J< lUl o lu .£U X Cj u 

a cu . cu -*«.•' o o; a» 

'X>'* Im. M* .•w'l l„ •,.» <tf.3 

•-■it ‘i-t cu CU i„ 0 ,-1 O 

-(v*o -ra in as cfi'to m~ 



■ CJ3 . 

<r 

iX. 


— I 

,<x: 

sc 

«sc 


C3 
, CO' 


> 

w 

ss 


Cr» 

3!l •«>«« 

m oj m 
'US' cs e 
to--* O’ o o 
m’^as'aess: 


■g-sa 

•fi4 

urt'o to 
r-. o G 


M M 

J!WO- cjt 


•-*>74 'i-. 1 

*. «f» or* »«, ^ 

^ u; o ^ 

'« «i tJ> u- 


cu. *=0 01 -o .. 


-o > >- > 

c: V- « iv- — • 

ro tJ O M 

m £3 -TJ »-« 
lA cr«in o 
csa TC3 -—“o >-j 


:o tj( <4^ at- • •— 

tn m ■••rN.rD * 

to TO “O •— XJ ^ w 

t,^ CN •^^ltglr Ksura i>4 
o •— * r4 C4 C4 x» • 

»* i80 O** mJCf-' -O 

— - m irt ••43 -M ^ 

>«.'W ;i«. no 

*--*Xtos«tox?4;™rt!*' 

«*0-4^^0«M430 S‘^* 

^ -hM »»-• 

c: o fc- o o o 
sa o> <cn 3e cr» t- 


ao o-— •— to— a8o«i 

toOi crtO"- k.dPi— tjd on m 

fc- u •-to CM OL. no •—no 

U XI *0 *—* .HM ‘ t o 'll JO' O •o 

• — to M CS »-••*«( OU tn-H OM 

— ■ u •—•••■ -w <sr»i- cr» 

"nT uo ^ O carr— m . « 

r4 CM ' u ro> tx ••— •— 4-« u *4^ 

— — * WTM ««— - C: kw ■ •«— » <Tdl ' • — fiij 

^ too IV3-0.— no 

■V -W tn — * no C4 JO CM •‘.'WP - 
>•« >v CM cs tv+j — j*r* -■— » i:m »'m 
>€ 54i ->—••»•««»* ex.*>p aa cn — o** 

-M' •«-» o It Of 

O’ cn Oit“0 $< o to 34 CX^ isj X to SMI to 

to g: o OX+-* o S.ca*+-* -m 

jO to OX«^ • •*• J"* • •— 

otffla fc_ OM*‘«k» o iv. o w 

o>M- at cna* CP w 


‘»-* jO J 3 ♦ o 

to o 

to cn cy» ir-n cn 

no to! *t! cx.>- 


to • «-• S^'-to .xsi “O • • ,+j 

5^' c: to 

cs V* -o to cx. uv 

o-’rM o o to 

ovi- c k. "to 


CX ov—f ,, 
to 

O 


-o ov*- « 

c: to to 
Of >,n -o 


-*.*0 1411 .,w 

LO to to u 
tu jcz ez c: >-4- 
c: to o 


I — . tti tn -*-• y\. cz O -M 

i k..4 iw to./^^ to •k-' o ow -M in 

ck — 1 “Ox to to O’*.”'-. to ' 

I o>j3 jo S ••■ 4-* to c: — fc* It ^ 

to cp-*-, cu -- c: — 

. -Cl 04 ca« to X •— CL. M ’*“* -kJ 

I O to ^ to X •-»- o* jcu 

c: u. ^ O to Q W- 04 to • 

c: to o K, c= o-ca 
to "O M- 
to MW Mw 


“o toesa 

i to •*.- 
— » ••-<»■- 
>• to — - 
u-M oa," 


"‘Jir""* ’’"-IT*'* -*•* X 
♦ cr»-£a Mf no, O to cl. 

S S: -M Lj X X 

, .o to o— 'M to to 

1 o to k- k. 

' JO ' to no “O 



3 se X iiD 

*». ftt- £tl 

is IL. O O ». !«. 

-^*t3 CM 5 »^:Ou 

ijirjis mZ ^ Sr #*>, 

»•-*« 'U: M . -« *««* 

s ««-• 

•s^nirroiCNl la. 

i XHtH mm ^ n 
- Hmt •*. -Mur H «: *•* 
« 3 Ul 

■•CM iw 

<«->- >« >..w c: 

>£ s« SMt CM 'Ilti>t*4 

Kmm O O O-M CU r-4 


Cfl «ft. 

>M JCS <• 

c: o 


ex )l c: c: 


(C= M 11 esa 

— ^ >.*TC3 -- 11 
O x: ii». > 'vx 
• ^ O fc- >■ 


fc- HI no !». II — c;s lOi U- 

ij c: VJ eo cTfCn^ta 31 ^ o -a 

.• II cu c: oj cr e:: Cu — • c 

«*k,-o xs oj 

.c — o u es» M- ^- 1 M- 


£X« P O 

. .~I •«. P Oi ut 

•*. .£Xk- U P 
C 


ut p hO P u*^ 

■•-*- p > CM r4 CM 

n -«-' ac >-. 

. m* , frt •"<* •». !« 

ca CL o p p >-. o 

CT-^-* yt* Hi ^ 

o oi r~i o o -fj ® 

-w cruji' 3C .v-.i -f-' .,-♦ O- cjn 

ill OLf L. O O L. 

irt . 0^0 O’* OA 2B C- 


X3 JO CM Hh 

uii l.I^ ♦ 
ac 23 CM P P i. 
li II «.«4 P P UJ 
.. c-*| u1 

CM 5c!| “fi* ZIXZ, c 


1-.I w. CM -. •- 

C'M CM 

43i xa r-o* t I 

w'lvs, 0_ CL 


'•M o SLir>' 

^ 'CrtCfro ^ 

S SO 


3 

P P P 
p c c 
P O O Q 
OOSK 3C Stt 


>c >- na -M 
GB ai-’O o 
P P *M- -O 
m Hi i~n ^Ml• 


CP *4” .o ja ov— ♦ 

11 r-i ^ <*0 cn 

-% > cn OM-» o 

r.i»> L. 0 0 0"*^ 

)<8i u -IM .4-1 -Cl ec 

t-a ra u ‘xa 

til o ia -a ** It 

•*- tn H II cr .. 

fiQta »» •- til ;>»H 

• — >< *< 

i?sa It P «i rat <« <« 

H — '::ri. o p p p * 

.••If-, cr* u'l tn Ml u« ^ 


P ca t, -o 
p a 

<31 p-( M- 


<S ••.*. ul 

P S< HH- 

Ul >IS 3a 
■L* a t 
w ul >* 
as •<»«. fit 

P x: P 

ul «t ill 


• •s as «* O 
— ‘ trt 3 C 
H- 'dM- 111 CM 
•I*'* -p 

. .Wk CXHI.J -•’... 

i P Cl (... 
cu—- O US 
•^-4- it 11 3 


as 3 j( 
£X 3 <14-; 
cs cr -o 33 


se at p p 
*'0 coo 

L- o o o 


»*« O. 

L4X3 «- 

P P 


O 03 pi cn m 

tn ui OS no p 

•P -TS .!-» .W P 

I...4 W . -S « 

jp ja»*A’xa,-o'--i •+■ 

; or* CT« -v.*' — .» CLia» 
fij <d CM ••'A r— n*^ tl 
-+.I .*.«» mm' *» p 

«U .Id CM ■ ^ 

"xa -p jQ >— * c -4 ro o- >*• 

U It II -*«-»- M- -..-wW 

.. •% ^ f.-), um 

r— >r— »r— I, u,.. '•*' W 

.... *. Ul trt UV L» -r-i 

— . C-i ^ P p P H' -r— « 

P !.«>.. I...U V..U p cr p * - »w 

.<r-l .--I .p 

^xa xa -o 'L-, 'tri 


TTT 4(Pf 



s s 

A 'O^ 


-a 

Ml 

a.i 


o 

ct. 


u 




m M 

m -« 

c:.#*4 


a >^<5 
o - '0# 

k. . ai 

-sjO u 
^ ^ w 

jC 3 CT'Wt 
• «is sm: k«. 

^ Cn It* 1*0 
ja XI K M Oi 
^ ,« X 

cri ori « •»•>♦ w 

x a« X — ‘ • 

« ftt •*«*• ^ 

m «i-«rr^f~a 
>« >- 03 00 « 


*•% cn o*ro -*3 m 

f x X c c; cu 

an «■ 21 S3 "O 

Im. IMt X k- W-, CM 
u -s * S3 


ao :ieO 03 OD OKI 
»-*4 c*st h-3 -wr Q 

'it. » » » » oT ,cr 

U £3 £3 C 3 O 23 ' Cm 

. -a -o "13 nc 3 cjc 

mc c c= c: 'C — «-» 


c= c. <ra K » 3B 36 
® «i CM Of 
OV*-» Xp or» c: (2 C 2 C2 
flu Co -t-i 1 ^ . «>« 

J3 


g- 


-MM C2 


at 

”*3 

cm’ 


cr* < 3 ^ 

CM CM 
xa xfl 


S’' 


O CM' 

4M nM . -«« — < O 

^ %4n. l-f. Ol 

c: ^ CM CM m O'-k. 

^ -o “a -o TP -o •*’1 


cn t3 
P c 
P cu 


» -tr M'S n-3 -ta 

p CnI C'^U C-< jQ 

tA WH *s W. ‘• 4 - -. • 

»sp:> ^ ^ 

.w X ,, . 

-M >*. >y. >s, m L- «N 

’ O X X X X P - ‘-4- 

— . o o o o u. cu5*-»:^0---. 

Ck-M-M-M-M -• ui -> - — 

opoooaana csOiiso 

ta or» cn cr» o’*r-4 u oj ow.. 


Of a-r*^ 'OU'.- 

^ . CM ij ut 


ux- p 

tx 'ai 

«*-« 

ca M. 


in p+j -o 
f-.* ut x= 


CM 
UJ 
ct: 
ix, 

urT ut 


xr 

-fj 

(Z 

M 

CM 

CM 


"p 'xa P 
P UJ Ml 
i,rt » 23 

.« 23 -4- 


].. CM 
ar -M UJ 

*'“• tb- H 

CM' 36 *- 

-*— • p*»>“ 

SUM 

P ^ 

.4<-< *•4-' -k-* 

ul -« l« 


. Ul C3r*-b 

,*-1 -b. CM r 

“— SmS t 3 i 
P 

— « caxx j 
flu CM H- J 
I -♦-» t 3 Ui I 
I 

1 h- CL. I 

■ arac f 

-W 4 J »% i 


uT — in bb 
.4J r— ♦ -MP . 

b— i4l b..- in . 


ift 


PCUiXlPCMOiPCM 

^ ^ -*-4 «»..J ^ ^ -f-l 

*•- V" •— *— « 

Cfi js 3 p 3 B 3 ie 3 IC 38 : 3 E 3 !S; 

.o 


oc 

CM. 

UJ 

32 


cx 

>b 

-o 


tri, 

aor 

CM 

a 


<E 

03 

3K 

H- 

CjO 


cu «*•. 

-HI irt 
P CM 
ta p 
o -• 



cn 

JQ 







an 

P 








p 

-M 

CT« 







P 

P 

k. 
















o. 


-O 







ff 

cr» 








p 

P 

cr» 







4 * 

P 

LI 







t 3 » - 


in 5 *«- 







•— 1 P 

CM 

p -b 







P 

« 

-4 JO X 3 







«»bO P 

P 

o — « — . p 








HM 

k- cn cn na 






P 

0-4 


LJ k- tft 






Ml 

w. 0 >. 4 - 

k. 

U X -b >b. 







>- o 

P 

4 \xa CM 






CO 

p p 

cn 

P 5 »* — . o 






4 ,-. 

r. p 

P 

MS fcb. cn LI 






M 

4 MS tn 

. 4 -* 

4 -' u u ta 







p 

P 

«r, >b u 






kb 

•b p 


HM M. »b m 









f ja j:a 






L> 


M 

M.. U — 4 - 







4 . 

23 

b 4 -. ,cn -0 

m 





«» 

*’* ''*’ S" 

P 

O 'O u 3 

m 





It 

< 4 . I< o 


k— « 9 < kb 







». k- -b 

O. 







tn 

P « 

O' 


OP 





p 

•b Z3 



mur 


O'* 



p 

««» 'k. p 




L. 

. 4 . 'P 

kb 

P 


O 


-- •- •- -a 


P . 

44 i 4 >J 

M 

»•« 


e p 

b 4 « 

t 3 P 

f'li 

cn m p 

.ra 

P 

b 4 - 

■— — . CO 

P 

p-o 'in 


p 

m ‘fH 



C 3 

*s .■ UK 


wi P p 

dD . 


kb »>•< 

a 

a 

£2 

i, >->-. 

u 

3.#4 

C 4 

p 

# ** * "'b .yfi 


o 


*’*' *b tM 

w 

■e * 4 - lii 



U b P 


CP ■ 

It a 


o to •— P 

03 


>bj 2 c 



»l 

— t k. w 

Ml 

.-»- 4 'na p 


CM 


ul 



.44 -—‘ta 


-M P o • — 


..j- 

U 0-4 

CM 


'tb. 

4 ** W 

P, 

u jca ii -tbi 

M'S 


>c 1 * b 4 b. 

P 

u 


C'H 4 - jfw^ 

tb. 

CO P 


CM 

- CM O 




', 3 . --P’S 

53 ' 

P — 4 o 



L- '>•* « 


CM 

£2 .. 4 b. 

p 

-o 

uu 03 os. 

P 





'•Z ^ 

p 

P 


J 3 

U 




’ST' P 




•*0 

£0 




P 

-O 


X r.-a •-»- 

ii Cvl 

.b - at 


• Cm 
iSa p 
os u. 


»>. -ta ro u *• 


o 

-♦mP 

o - 
cr» u *• 


. css 


o oa 

ac v. 
-tU CS 3 
IJ O-- 
P OS 


-b u P OP' 


OM 
•. r'>i 

o 


CM M 

p 0» 

,r».. *b CM M taa irt 
C 2 — . CJ-M.- M r‘*> -HbO© 
Ifg P M 

- -b 23 „p — . *•■ CM o r-o css 

P -M IM > 1 ... 

i« u i;i o at 03 

:3 > ..-b. > ij o» can O 

C 2 M. era k- '■"' H— . r-. "ocft 

— - IJ M IJ HI P P 

£3 -s.' bb-H-.* n CM <VH Ml 

H- O > K« .-H X2 Jt- — 

* ■ CMHi- 


O -P b— iJ ■«'*■ - 
P — * — » u, "bb. t:-j 

»w. cr»o.-* -«>. o*< 

— ij a» u 

CM X k- <MP 
P — 1 p P 


O "O hM 

— xa 
JX css 


b je: 


kj tl *«jr - 

ij-b bb Cbl — - **-" 
-jr— I <H. CM lO 

tj k- VH . 4 bi rd 

X • -b b«- , CM 


Ut b 

O 


o -. , 
cM-r 


ca-f 

S 

S' 

p 


p > p p.-b 
p i-. “b- 

k« \.j xa *M 

ij ,1 b :*3 p 

U’l to . k, H ♦ . *-i 


M X 3e 
“■«- O O 4 *b J 

. _ t« c -k J — -I t— I 

, . tj ;'C ■ — i <~a £3 £3 H#t. p ... f . 

■— p p jc kj -ca ■O'' p bb- . p 2 P 

-J J» '"b U, *• trt H. tj - 

. -M. cTKjB — 1 oa M- P P 

I -c 3 k. I'O Lu ir-bJi . -« i. J P 


p 

can 

p 

HM 

p 

m 

23 

P 

k. 

P 


Q 


C3 

Ob 


JO o 


o m p 

fb-i p fti 

cxrtzt P 


o trt ta 
o 

.4-4 nj !6BI • 
L 4 bCa ' 


03 

<x 

£M 


on 

(u 


C-J •- 

-!o 

it i* 


4 i 

-w* 

Lu a 
«#-« CZ 

jir o 

(V ixvi-M 
f -fj 
« irt ^ 

ri 


srf: wioi j 
• MlCd t 

g^iii I 

I 

— j 

r *4 »<. I 

• IfT*. -WjD' 

OD •«. •%»'» <• 

» tn r— ^ tom 


at 

-M 

'£^ 


".S 


m til 


Ot 

c.t:: 


■xa' 

-'O. 
' lU 


Ot 


ea 

*ct t 
cs ' 


m 

a 


jK 

o 


^ Cffl 
-«*- dO 
c: C't 


a> ui 

iw. £U 


•x 

> 

1 


O' w. 
o“ 


xa 

"or* 


IX in un 
• * -o O 
03 .-o KJ 

M- r^< in 
c-i 03 <•0 


Ul ul 

^ c: 

'' Oj cu cu 


iF 


<«v UPl 

^ r~i 

l« tit «— o ^ ~ 

f ~-4 Cb (S c: w -4 x 3 

Xi Oi *04 oi 

^ ^ ^ w 
|..ywt xa 

'k. k. im.x: 

^ 9 » jK 


it It .^r 


o sa' 3 i:“C 3 " 12 -o a a »“« 

C rtl la* 


CU -O 
-«•' 
<r 

k. ^ 

a -o 

re 

O Oi 

“O k. 

oa J^T 


— ot urt ^ 


*X3 

»M 
fit O* 


a> n’u 

c: Oi 

0 k 
SK .» 
».* TO 

TO CU 

01 tn 
• <«. n 


I TO a» 

« o c 

i tSS -bw 


tk CO D:r 


a> TO 

or Oj b *.. 

04 U £t 

-f-l *• JTHI 

c:.X3 CU 

..'H 

••—* W o 

•'.xa 

.M« . b* 

-N k 

tji -k tti 


a* 

k 

a 


fti b-'. 

b. 

c: «• 

TO U4 

fa — 1 

Hi lb-. 

k uu 

k i~— 

0 i itcc 


b in 


•r uv 


in - 


•X'.t 
> -• 
03 


04 

-I-' C 
- .-4 I 
'k i 

a i 

»k - 
U 1 


O: 

Ot 04 m 
-C3 
G fe 

on k 

CU 

xa 


./-t'.b-. k-o 
k k o 


<3: 

as 

<t 


Cbl 

I” 

C>4 


C --4 

6 ^ 


-• uT 
Ul ^ 


01 

X* 

c 


TO 

01 

m 

to 

04 

k. 

CL. 

>b 

04 


Si- 


•S te k s .. 

sr "S 

s 


C3U 

Oil 


04 


04 

-o 

0 

01 

X= 


ffi G 

k CU 

ex 

•k o 

c: oi Of TO 

.•-* c c m 

k O O 04 

o-asae k 


#• **Tp 

-O TO 04 

04 04 at 

Ot.'bb* o 
b« “3 

G tit 

o at TO 04 

G G 

bk fO « . 

M XPl -k 

§•£■ g 

U-. <X» OC 


cx. 

x: 


bk ••"04 

e cs k 

-b-i fo •• 

•• cux: 

04 — 1-t.a 

CO*' 
«-i-f a r*4 
bb-. xa •' 


cart 

C 

04 


fO CO 


o 

k 

k 

UJ 


bbb. bb-O 

k CU 
£U b-« k- 


esa jx 

bJ3 

c 

“O 04 

O -C 
at bk 

04 133 

c 

— tt 


b-i nj 
-Hb -O « 
CU .. 

c c > 


11 c t« k 04 ic; ' 


C -4 
-o b 


3C 3C 


O b 
"O - 


CO b 
bJ3 - 


t4ri 

^-a 


04 

*S 

Q 


“O r- 

C **■ 



-m 

tt » 


bk 

bCa- 

TOMJ 


r-o »• 


k 

09 c: 


itt — J 


•* xa 


(X 

-O CU 

k 

OI 1— i 


b. -k 

04 

X 

cx 

04 

'k^U. 

-b. «w 


k bbb* 

O 

bk O 



CS^ 

r» bji>4 

O -r-i 

k» 

c: CU Qj-o- 

k 'l-b*. 

bbb, <x 


••• at 

b4- N*- 

r*4 

.b- « c: IX 

04 ra 

k • 

Oi 

bk b-» 

b»-k 

c: 

k a o 04 

or 04 

04 <C 

-k C3 

at •'■b' 

b-b. e 6 


cxaEc ac k 

04 k 

. •'CSa 




04 

C.S 

01 

x> 


•b..*w tx bk 

aa c-o O' 
It 04 C 
-• CX c: 
o *-* 04 

TO TO bb-. 
fO ra 

04 ‘ 


G 

b-t •bk b 


5 Cri sc tarro ixt Qj 
..OS 
bO 


lit 


-. ..b, a o 

k k "^b-b* bb« 

04 k 

^ bk •«« 

04 ,b- caa 


=t 

-o 

04 


”0 TS 
Oi Of 

Ut .b.4 


CS -C •b. 

.bb# «♦-» -k 

% * • k c ut 


O Oi 

,_. -- , -O'-k. 

tjt -k Ob ns • bb« 


a 


U bO 

c o 
o *«* 

ku CO 


o 

o 

OS 


Oi 
JO. k 
na na 


fc s 


CO 

,<c „ 

O- 


<c 

as 

•tec 



r4 


o 


CJ 

«£Si 

OS 


"a 


CJI 

isa 

os 


IS 

(f 


a» 

lot 


r/“^ 


»t 

c: G 


>>4«. *• 

I 

m 


a" 


c: 

cu 


«, S^'g 

in jQ <W 


o 

ff ; 


-o 

SS 

eu 


“53 o-'C5 ‘■»3“52 

i*"* id 

a> M -o til 

•“O ■•4- 


r-.Cj 

ud35 o 

at .»v 

«4D at r— » H--* 

u- 

-•e «... ^"v tU 

O ic - ■>* t'o c: 

Xi tS 

CSJ U"1 ffl 01 

ac -431 ^ so -c: x:- 


Cu jr 
cs 
I! w- 


CS CU 

at 


£11 , 
o 


o-*-* 

O O ' 

“O Cl o 

m cr-.^S 
cti «•*-. ou 


cu cu fti t;3 


CU 

o 

‘a 


“C3 

a< 


::j 

o 

cu 


fa 

cx 

tx r 


CU 

.O W 

«'0 m 


1 r*> o 

J O 03 


O d 
O' O'* 


cr; 

'SX 

a- 


r-d 

«• CD 
a» d» 


• tSD 

cma 
cu m 


CX. " 
IC" 
yj * 


•V CO 
■«-' CO 
c: c«4 

'*3 >-. 

■ o 


-- 

-•M r*j 
c*si cn 


"Ot at 


'tt “O 
CO 
O CU 


cs ^ es c j. 
'flu au ou .'Oj Cf*" 

Si Si ^-s 


^ c: 7^ ^ -7^ c: >t 

u'rii- cu _ir f"; 

C3 cr»3f:*»T3-0 

cu CS r0 cu C 

JO at cu 


m cs 
713 CU" 


<S H -O 

cu '■"“t-}-* 
'■M CU 
k^ trt 

L- o fu„; 


k- "O 6 


Clt 

—•- cu S3 

7, 

crj “C3 -kJ 
Cl in 

CJ cs •■ •-• 
*— » «»» 

• •*>*-4 k„ I 

^ CU cs 'ZH 
udSK in o*. s: 

»■••- UJ 

-jra T-, -a oa 

O- O CS O" 
ud*-* CS 

•><*•. <x ••< *•• 

•jCi *•-*' ii*. — ^ *•'•'* 

»». iu •'"• CU Cu 
Cr* -M Ol -*•-* -H 

iw* k« k« 

>c 5K k- at 3fe 
o » - 

jCP, .-N 

isa-— ^C‘4*«r 
at r- C3- •*^■4 

fti ».C5» 

i.., -«+' 04 --» CD CSU 
«o ro r-3 ro in 

k- 3*"' >- >«•'-' 

kj m; ?< »< ?< >- 

_ un o o C3 a ‘tf 
^ 

O O O O ili -••' 
<3^ t,j O' on CT* O'r'O 'X3 


lit ' 


CU 


I #•. Cu 

r-, 19 

na •Am 


CM 


X cu 
i is ca' 
cu cu 

#Xi***l 

■ O CZ 
■ . 

csa 43 «■- 


cu 

ja k-. 

o o 


C3n^,5|!! ■■ 


m 

*iC 


■rfX 

as: 

<c 


o 

Ou 


III. 43 



^ » 
m.'Xnm ort 
cNi -^*1 

W.* 4 -» CU O' 

3 »^ » •-- 


O I ‘ 

9 i< 0 > ',•* ”♦-* 

-O -*-• O -W- ’< 

»M - 1 ^ O- ia 5 i^.s- . 

o c rr «= o «u 

«• •r«# O** » i- 
«t» 'cr>' 


: I. j • -r^ c: O cit. t-i ' 

t . a -a 

> jc: ••-»-. ■->* — 

I » 3 x o *- ■* c: 

, I'd t- 

I w. »<.'■ "3 d'* 33 ita. 

(rm-.iui t£ er <= O ^ 

CW KOI i‘U OJ .JC3» 

:» pW <8 <w 

•o a -- — nn^ 

iij cu «» -s.*- csa na <S 3 

in ^ CN .J 


m uft m 

o O ”0 

ui cr» ij cn 

o a a: 


Ol. 0 ». CL. Gf. Cl, 


e «- c *2: c- C3 c ’“-' - cu a - 

«««* .MS .4 ►*-* jj*,..-,- ci. 'OV 

' w ai 04 a» ftj o »< cu o 

I •(M -M «*,j .4J .4J, 'O L. 

iii!fL,C^L»CI-iOi-as* 

; » 'Sft as * » X » 0*1 5C ^ 


.<..,1 £3 ^ £X 

ea £3 f.u 

jr on » ' 

-o 


III. 44 









REFERENCES 


Dekker M . ^ R . A . Kalwi j , J . Schram , J . Schooanman ; Impedance 

Spectroscopy of Sulphate Solid Electrolytes; 1987, Private 
Communication. 

Staphanoupoulos 6. ; Chemical Process Control: An Introduction to 
Theory and Practice; Prentice Hall, NJ, USA. 1984 pp. 310-312. 

Cohen G.H. , G. A. Coon; Theoretical Consideration of Retarded 
Control; Trans. ASME 75, ( 1953 ) , 827-834. 




104149 

Date Slip 


This book Is to be returned on the 
date last stamped. 







